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PREFACE. 

Sonic yoai'8 have elapsed since it was agreed by the OlHccrs of 
lh< {)eoloi>ical Siirv(‘v that an Ind(*x map of India and Burma 
^hould he pr(‘})aied ^howinu tliose of winch ])ul)lisli(‘d y(*olo- 

^ncal maps are available, as well as the areas wdiich ha\o been i>enl{)- 
uieally survey(‘d but of whicli there were no [lublislied maps. After 
careful consideration it was decidial that the pru|)osed Index map 
could not satisfactorily show more than the areas of whicli ])ul)lished 
maps are available and tlien only with regard to the ^(^oloeical 
maps publisli(‘d in the Memoirs ami Rei'ords of the (Jecdoaical Murv^ey 
of India. Aftin* a further (examination of the mattei, it wuis d(‘cid(‘d 
that it w’as most practi(*al)l(‘ to produce the Iiuh^x nu]i mi the scale 
of oO mih^s to the inch, altlioiiuh this involv(‘s its issm^ in four sheets. 
Th(‘ riaisons for this w(‘re Jirsfl/L ciaiity of tlu^ Imhcx would bi^ 
obtaimal and. mviulUj. the 50 miles to tlu* iiudi maps atv a leeular 
issue of 1h(‘ Siirviw of India. 

In issuinu tlu' Index map of tlie areas i>(‘oloi!i(‘aily siineyal m 
India and Burma loi which i»eolo^icaj maps have luvji [uihlisiieii 
in the Memoirs and li<‘(‘or(ls of tin* (hadouicai Suiwey of India, 
advantajtc has l>e(m talom of the opjuutunily \o prepan^ a lisi of 
all the papers published by the tliadooical Suivey of India in 
Memoirs, Records. BalaBontoIo<>ia Iudi(*a, (‘tc. It is hopial tliat tins 
Index map and the accompanyiuu li'^t of publicaitions will enable 



OATALOaUE OP PITDLTCATIOXS, 

ueoiog^'btN of otlier coiuifiios as s\oJl ns piivmo j^oolouisls or ijo- 
citta(.Iie<'l to iiidiifetrial oiga 11^*11 ions in fndia lo seo \\ihit 
iifoiipation lln*^ can fioni fht. 0<v)loiii(sjI Siirvav ol Tiuluo 

In co'^'liisKai it mar l»c added that the (leoIoi>ical Survrv <4 
IiiiLa po'^scb'^os ont‘ oj Ilje /jiiest Jihiarif’^ ^sifIl gcoloni{<i], niiuiii'a 
nd iiicr<t]liiitiicaJ liierature in Asia and ihat n^sponsihlc cjninoci'- 
cn ivnninted to consult these \\orks ui tlie lihoiiv. 



MEMOIRS OF THE GEOLOGICAL SURVEY OF INDIA. 




K P1. ! i^rH) (o)if (if pilnf) : Pn^limiuaiy iiutirM* on 
t!u‘coni and iron ol TalchtM‘i in 1 ]k‘ 1 nbutaix 
nadials of Cuita(*]v. by T. Oldluun. 

On iho ^eoloi»i(*al stru<‘tur<' and rclatioiis ol 
Ilic Talcliocr coalfield, in the district of Ciitt<uk, 
by ilossrs. W. T. and II. F. Blanrord, 
W. Theobald (Junr.). 

Note on recent invc.sti<»aTions rcf^ardinu tlie 
extent and value of the auriferous deposits of 
Assam, being abstracts of reports bv f^aptain 
E. T. Dalton and Lanit.-Colonel S. P, Hanny. 
dated October 1855. 

Note on specimens of gold and gold ilust 
•jnwured near Shue-gween, in tbe Prosdnee oj 
Martaban, Burmah, by T. Oldham. 

Pt. Ik 1858 {out of pnot): On the geological 
structure of a portion of the Khasi Hills, 
Bengal, by T. Oldham. 

On the geological striKdnre of the Niltiliiri 
Hills (Madras), by H. P. Blanford. 

^ Pt. 3, 1859 (ml of print) : On the geological stnic*- 
ture and physical features of the <listricts of 
Bancoorah, Midnapore and Orissa—Bengal, 
by \V. T. Blanford. 

Note on the laterit(‘ of Orissa, by Mb T. 
Blanford. 

On some fossil tish-teeth ol the genus 
(^erafodvs, from llalecli. Bouth of Nagpur, 
l)y T. Oldham. 

IL Pt. I, lHt)9 (out of print): On the Vindhyan rocks, 
and their associates in Bumlehmnd. by 
H, B. Medlicott. 

Pt, 2, I860 (out of print): On the geological struc¬ 
ture of the central portion of the Nerbudda 
district, by J. G. Medlicott. 
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CATALOGUE OE PU^>L1CAT10^^. 


VoL. 


Vor. 


VOL. 


On the Tertiary and Alluvial deposits of 
the central portion of the Nerbudda valley, 
by \V. Theobald (,]unr.). 

On the tjeoloaical relatioiKS. and probable 
geological aae, of the sev(^ral systems of rocks 
in Central Imlia and Beni‘<»l, T. 

Oldliam. 

III. Pt. 1, IHbl (oHt of prufl): On tin* geologicai struc- 

and lelations of the Itaniganj coaifiekb 
Bengal, by U. T. Blanford. 

Additional ren <irks on the geological rela¬ 
tions, and probable geological age, of the 
s(‘\''eral systenus of ro(‘ks m (Vmtral India and 
Bengal, i\v T. Oldham, 

Mineral Statistics of India. 1. (k)al, bv 
T. Oldham. 

Pi. 2, 181)4 (oift of print) : On tlie geological struc¬ 
ture and relatiims of the Sonthern portion of 
thi‘ Himalayan range betwciui the rivers 
Ganges and Pavee, by H. B. Medlicoft, 

IV. Pt. J, 1862 {out of print ): On the Cretai'eous and 

other rocks of the South Areot, and Tri(*hino- 
poly districts, Madras, by H. F. Blanford. 

Pt. 2, 1864 {out of print ): On the geological struc¬ 
ture of portions of the districts of Tradn nopoly, 
Salem, and South Arcot, Ma<lras, included 
in sheet No. 7k of the Indian Atlas, by \V. 
King (Junr.) and Pt. Bruce Fooler 

Pt. o, 1865 {out of print) : The coal of Assam ; 
results of a brief visit to th(‘ eoalh(‘l(ls of 
that Provinee in 1865; with g(‘ological 
not(»s on Avssain and the hills to tin* soutfi of 
it, by H. B. .Medlieott. 

V. Pt. 1, 1865 {nvi of print): G(*oIogical s<H'tioris 
across the ilimulayan Mountains, from 
Wangtu-bridge on the river Sutlej to 
Sungdo on the Indus: witli an account of 
the formations in Spiti, accompanied by a 
revision of all known fossils from that district, 
by P. Stoliezka. 



MEMOIRS. 


On the gypsum of Lower Spiti, with a 
list of minerals collected in the Himalayas, 
1864, by F. E. Mallet. 

Pt, 2, 1866 {out of print ): On the geology of the 
Island of Bombay, by A. B. Wynne. 

Pt. 3, J866 (out of print)'. The Jherria coal¬ 
field. by T. W. H. Hughes. 

Summary of geological observations during 
a visit to the Provinces- Pupshii, Karnag, 
South Ladak, Zanskar, Ruroo and Dras— 
of Western Tibet, 1865, by F. Rtoliczka. 

^^OL. VI. Pt. 1, 1867 (oMf of print ): -Note on the geology of 

the neighbourhood of Lynyan and Pi^unnee- 
kote, North-West of Kotree, in Sind, by 
W. T. Blanford. 

On the geology of a portion of Cutch, !)y 
W. T. Blanford. 

Pt. 2, 1867, Reprinted 1908 and 1921 (price 
Rs. 2) ; The Bokaro coalfield, by T. W. 
H. Hughes. 

The Eamgurh coalfield, by V. Ball. 

On the Traps and Iritertrappean bedvS of 
Western and Central India, by W. T. Blanford. 

Pt. 3, 1869 (price Es. 2 as. 8): On the geology of 
the Taptee and Lower Nerbudda valleyvS, and 
v^ome adjoining districts, by W. T. Blanford, 

On the occurrence of frog-beds at a locality 
hitherto concealed, but exposed now by re¬ 
clamation works in Bombay Island, Decem- 
b(‘r 1867, by A. B. Wynne. 

Osteological notes on (),ri/glos*^u,s pusilltn^ 
(Rana pmilla, Owen), from the Tertiary frog- 
beds ill the Islaml of Bombay, i)y F. 
Rtoliczka. 

VoL* VII. Pt. 1, 1869 (price Us, 3): On the Vindhyan 

series, as exhibited in the NortliAVestern and y 
Central Provinces of India, by F. IL 
Mallet. 

Mineral Statistics of India—Coal, by 
T. Oldham. 



Uh PL'BLTCAlIONS. 


^'OL„ 


Yol. 


VOL. 


(iei>logi<\il h s>r tlio Shilloim Piatt an ii 
]SIoiUi-Eus1(Mii BtMijitil, i)' ir. V) \iiHlli(<>tt 

Pt. 2, {fS7<) {oiif of pnul) * l'iu‘ Kiii hui }><n i 
coMiM, hy T. W. II. Ilu-iii-. 

Tli<* Dt'oiiliin i>N T. \\^ II 

I i 

Pt. •) IH71 (offf (>l piiHi): On tli(‘ al 

of llu‘ (^ouniiy iknu* Adnn, wiih 
}‘nfeivn(‘(‘ ft) tln^ oi* siiiPuiu 

Artobian wolls, by P. R, Mallet. 

The Kaian])niv5 eo<dfie!(Ls, i>v T. Jl. 
Hutches. 

VIIl. Pt.'l, 1S72 (pjicr Rs. I) : On the Kadapah and 
Karnul formations in ilio .\Ia(lras Prtsi- 
denev, by \Y. Kinj^ (Jnnr.). 

Pt. 2, 1872 {oHf of print) : The Itkliuri (o<ib 
lield. by T. AV. H. Hiiohes. 

The naltonfi!;anj coalficPl, i)y T. W. H 
Hughes. 

The (%o])e eoalfiehb l)y V. Ball. 

IX. Pt. I, 1872 {pHa> Rs. *1) : Aienuhr on the 
j^eolo^y of Kut(*h. to accompany a map 

compiled by A. B. Wynne and F. 

Fedden. during the seasons 18r>7-(>8 and 
1868-69, by A. B. AVyune. 

Pt. 2 {price Re. 1) : Description of the 

geology of Nagpur and its neighbourhood, bv 
AY. T.' Blanford. 

The geology of Mount Wirban, in tlie 
Upper Punjab, {)y W. Waagen and 
A. B. Wynne. 

On the occuri‘en(*e of Annnoniti(‘s, 
associated with Oratites, and (iloniatites 
in the Carboniferous dc[)Osits of the Salt 
Range, by W. Waagen. 

X. Pt, ], 1873 {price Rs. 3) : On the geology of 
parts of the Madras and North Arcot 
districts lying north of the Palar rivers 
and included in Sheet 78 of the Indian 
Atlas, by R. Bruce Foote. 



MEMOIK^. 


tm the tufl ])y II. B 

Medlu ittt. 

Pr. If. IsT:! {ouf oj inm!) . din iho ueolo^y oi 
P.-ii, i>v W. TheolMld. 

\ OL. XI. Pt. 1. 1^71 IN. If) : Oil tlie iJeoloi^y 

nul mineral L*esoiir< e'-, offlie Darjilinu distriet 
aiid the Western Dims. Uv P. H, Alallet. 

Pt. 2. 1875 ipri(r Its. d| : T}i(‘ Qhans-liidiis 
^.dt K^oion in th<‘ Koliat distriel, by A. B. 
Wuine. With an Appendix on the Kohiit 
mines or qiiarvies, by H. Warth. 

VoLc Xir. Pt, 1, 1S7G ipricf’ Rs. 3) : The geoloi^ical 

bvitiires t)f the Houth ilahratta country 
and adjacent distrii'ts, ]>y E. Bruce 

Foote. 

Pt. 2. 187G (pace Rs. 2) : On the (‘oallields 
oftheXaaa Hills bordeiiiny the Jjaldiimpur 
and Sibsauar distn(*ts. Asvsam. by E. R. 
?^ldllet. 

VoL. XfIT. Pt. 1. ]877 (out of priot): The Wardlia 

valley coalheld. by T. \V. H. Hughes. 

f^t. 2. 1877 (pnce Rs. 2 as. 8) : (leology of 

the Rajmohal Hills, by V. Ball. 

?OL. Xnb 1878 (pricp Rs. 5) : On the geology of 

^ the »8alt Range in the Punjab, by 

A. B. Wynne. 

Yol, XV. Pt. 1. 1878 (ovt of priui) : On the Auranga 

and Hutar coalfields and the iron-ores of 
Palainow and Toree, by V. Ball. 

Pt. 2 1880 {price Rs. 2 as, 8) : (Jeology of 

the Ramkola and Tatapani coaltields, 

by V. L. Oriesbacdi. 

VoL. XA 1. Pt. 1. 1879, Reprinted 1930 (price Rs. 3) : 

On tiie ueological sfructun^ of the 

Eastern Coast from latitude 15*" north¬ 
ward to ilasulipatam, by R. Bruce 

' Foote. 

Pt. 2, 1880, Reprinted 1930 {price Rs. 2); 

The gneiss and transition rocks, and other 
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PATALOtiUE OF PUBLK’ATIONS. 


forijiations of tlie Nellore portion of the 

(amatic, by \V. Kin^^ 

Pt. 3, 1880, Reprinted 1930 {price Lis. "1 as. 10) : 
The lipper Gondwanas and other 

ioi Illations of the Coastal Ho^ion of l!ie 

(h)(lavari district, by \V. Ivin^. 

VoL. XVTl. Pt. i, LH79 {price Rs. 3) : The geology of 

Western Sind, by \V. T. Blanford. 

\ Pt. 2, 1880 {price Rs. 2) : On the Trans- 

Indus extension of the Punjab Halt 
Range, by A. B, Wynne. 

VoL. X\dll. Pt. L 1881, Reprinted 1933 {price Rs. 5 as. 8) ; 

Report on the geology of the section between 
th(‘ Bolan Pass in Baluoiiistan and Girishk in 
Southern Afghanistan, l)y C. L. Gries- 
baeh. 

Vt, 2, 1881, Reprinted 1934 {piice Rs. 3 as. 8) : 
(ileology of the districts of Manbluun and 
Singhbiuini. by V. Ball. 

Pt. 3, 1881, Reprinted 1930 {price Rs. 3 as. 14) : 
The geology of tlie Pranhita-Godavari 
valley, by W. King. 

VoL. XiX. Pt. 1, 1882 (out of print) : The (Jachar 

earthquake of 10th January 18()9, by 
the late T. Oldham, edited by R, D. 
Oldham. 

Pt. 2, 1882 {ont of print) : The thermal 

springs of India, by the late T. Old¬ 
ham, edited by R. D. Oldham. 

Pi. 3, 1883 {price Re. J) : A caialogiu* of 

Indian earthquakes from the, earliest tune 
to the end of A.D. 1809, by tlie late T. 
Oldham. 

Ih. I, 1883 {oMi of print) : Report on tlie 
geology of parts of Manipur and the Naga 
Hills' by R. D. Oldham. 

VoL,. XX. Pt. 1, 1883 {oyt of print) : On the geology of 

the Madura and Tinnevelly districts, by 
K. Bruce Foote. 



MEMOIRS. 


Pt. 2, 1883 {ont of print) : (70ological notes 

on the Hills in the neighbourhood of 

• tiie Sind and Punjab Frontier between 
Qiu^tta and Dera Ghazi Khan, by \V. T. 
Blanford. 

VoL, XXJ. Pt. ], 188t (ont of print) : (ileolo^^y of the 

Lower Nar})ada valley between Nimawar 
and Kawant, by P. N. Bose. 

Pt. 2, 1884, jReprinted J933 (price Ks. 2 as. 10) : 
Tlie geology of the Kathiawar Peninsula in 
Guzerat, by Francis Pedden. 

Pt. 3, 1885, Reprinted 1925 (price Es. 6 as. 14) : 
The southern coalfields of the Rewah 
Gondwana Basin : Gumria, Korar, Johilla. 
tSohagpiir, Kxirasia, Koreagarh. Jhihnili, by 
T. W. H. Hughes. 

Pt. 4, 1885, Reprinted 1933 (price Rs. 3 as. 2) : 
The volcanoes of Barrtui Island and 

Narcondani, in the Bay of Bengal; 
their topography, by Captain J. R. 
Hobday, and geology, by E. R. Mallet. 

VoL. XXIT. 1883 (oyf of print) : The geology of the 

Kashmir and Cliamba territories, and 

the Biitish district of Khagan, by Richard 
Lydekker. 

VoL. XXIIl. 1891 (out of print) : Geology of the Central 

♦ Himalayas, by C. L. Griesbaeh. 

VoTu XXIV. Pt. 1, 1887 (out of pri}d) : The Southern 

coalfields of th(‘ Satpura Gondwana basin, 
1*>y E. A. Jones. 

]H. 2, 1890 (out of print) : Pliysical geology 
of the Hub-Himalayu of (Sarluval and 

Kumaun, by C. >8. Middlemiss. 

Pt. 3, 1890 (oaf of print) : The geology of 
South Malabar, between the Beypore 

and Ponnduj rivers, l)y Philip Lake. 

You XXV. 1895 (ont of print) : The geology of the 
Bellary district, Madras Presidency, by R. 
Bruce Foote. 
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( AT ALO( rl E OF PV DUl A1 K J lV" 


VOL. 

XXVI. 


J<S96 (out of pnnt) : Tlie ifeology (d 
Hazaia ainl the Black AIountiMiu, bv 
C. S. Middlcmibs. 

VoL. 

XXVIl. 

J’t. 

1, 1895 (onf oj pnnt) : On souu^ 




fobsilto fium th*‘ Miocene of P})}hm 
B urma, by Fritz Noetling. 



Pt. 

2, 1897 (out of print) : The oceanitmee of 
petroleum in Buima. and its techni(*ai 


exploitation, by Fritz Noetlnii^. 

VoL. XXVIII. Pt. 1. 1898 (oif'i of print) : Notofe on tlie 

geological structure oi ilie Ciiiticliun 
region, by (’arl Dienei. 

A note on the Allali-Bund in tht‘ nortli-W(‘st 
of the Rann of Kuchli. by H. 1). Oldham. 

Geology of parts of the Myingyan, Alagwe 
and Pakokku dLshicts, Bunnn, \)\ G. F. 
Grimes. 

The geology of the Mikir HilK ia Assam, 
by F. H. Smith. 

On the geology of Tirah au<l the Bazar 
Valley, by H. H. Hayden. 

Pt. 2, 1900 (otU of print ): The Charnockite 
series, a group of Archaean hvperstheni(' 
rocks in Peninsular India, by T, H. 
Holland. 

VoL. XXIX. 1900 (price Rs. 5) : Report on the 

great earthquake of Pith June 1897, by 
R. D. Oldham. 

VoL. XXX. Pt. 1, 1900 (price Rs. i) : List of 

shocks of the great earthquake of Pith 
June 1897, by R. D. Oldham. 

Pt. 2, 1900 (out of print) : Geology of the 
neighbourhood of Salem, xMadras Presi¬ 
dency, with special reference to Leschenault 
de la Tour’s observations, ))y T. H. 

Holland. 

Pt. 3, 1901 (price Re. 1) ; The Sivamalai 

series of elaeolite-syenites and corundum- 
syenites in the Coimbatore district, 
Madras Presidency, by T. H. Holland. 
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Pt. 1, 1901 (p}i(e i(e. 1) : Report on the 

geological Congreh5» of ?aii>s, 1900, 1)^ 

W. T. liianforrl. 

VoL. XXXT. Pt. I. 1901 (out of pHHl) : Geolui^r of Ihe 

Son valley in the llewali State and of 
}>aTt»s of the adjoining distri(*t.s of Jabalpur 
and Mirzapur, by E. D. Oldham^ P, N", Datta 
and K. Vredenburg. 

Pt. Lb 1901 (out of puHi) : A geological 

sketch of the Baluchistan IJesert, and 
part of Ea>stem Persia, by E. Vredenburg. 

Pt. 1901 (price Be. 1) : Petrological notes 

on some peridotites, serpentines, gabbros. 
and associated rocks. from Ladakh, 
North-Western Himalaya, l>y Lieut.- 
General G. A. McMahon. 

VoL. XXXII. Pt* 1, 1901 (price Re. 1) : Recent Artesian 

Experiments in India, by E. Vreden- 

biiig. 

Pt. 2, 1901 (pjice Rs. 2) : Report on the 

Rampur coalfield, by G. F. Reader. 

Pt. ‘b 1902 (out of print) : Notes on the 

“ Exotic Blocks of Malla Johar iti the 
Bhot Mahals of Kumaon, by A. von 
Krafft. 

Pt. 4, 1904 (out of print) : Report on the Jammu 
coalfields, by R. R. Simpson. 

VoL. XXXIIL Pt. 1, 1901 (pnce Rs. 8) : The Kolar gold¬ 
field, being a description of quartz-mining 
and gold-recovery as practised in India, 
by F. H. Hatch. 

Pt. 2, 1901 (price Rs. 2) : Reports on some 
auriferous localities in India: 

Ai*t. L—The goldfields of Wainad, by 
H. H. Hayden and P. H. Hatch. 

Art. 2.— Some auriferous localities in 
North Coimbatore, by H, H. Hayden. 

Art, 3.—^Report on the auriferous 
quartzites of Parhardiah, Chota Nagpur, 
by F, H. Hatch, 
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rAiALO<aii: or publk AIIo^'^ 


Pt 1902 {pti(( 1{<‘ 1) Th<i i»<‘oii)u\ ol 

Kalahamh Hla<r ((‘utial Piomihis 
1’ \u Walkei. 

\<)L XXXI\ Pi I VM (putt 10 I). On * punliar 

(onn <»t altoind pni ulnl itr in tlii Mvsnn 
Slato. by T. IL Holland 

Pt 2 1902 (oift of puNf) Tli<‘ hint <1< 

()[ huha, by T. II Holland 
19. 2 1902 {oai iif pnut) V not<* on I In 

sarnllulls of (lilton mai Kaia< In, b\ 

H I> Oblhiun. 

Pt i, 1908 (out of ptml) rin i»ooloLM ol 

tho Persian (lull an<l Wu^ adjominj,' 

poll ions of Persia an<l Viabia (luv K 

You XXXV Pt. I, P.)02 (o?// of piutf) (!(‘olou\ of Westiun 

Hajpulaiu, bv T 11 I) La Tom be 
Pi* 2, 1902 (pme IL I) Tin dnnnal \<um 

tioii in frequono ol the alteislnx ks ol 

the i^reafe earlliquaki* of 12th dune 

l<S97, by R. ll Oldham. 

Pt. 2, 1901, liepiwlal 1921 (pnn Re. 1 as 11) 
The Seismu Phenonuuia m Bntish India, 
and llxuT eonnedion with its i»i‘olotrN 

by (\)unt F. <h‘ Mont(‘ssus de Ballon 

Pt. L 1911 (p)iro He. I) The moloirv ol 

the \ndaman Islamb wilh n b n nu 

to the Nh<>I)«iis, liy (1. II 'ri|)|)(‘i. 

Von. XXXVL PL I, 1901 (o^// of pnat) The i»eolo‘jv ol 

» Spill, wifb [i.hI'. ol Ba ludn and Rnp liu 
bv H. H Ilavden 

PL 2, 1907 (pna 10 .J) • n} 

the Piovjiue*, oi 9'aiiji; and U in (tntml 
TibO, bv H. !L Ila\den 
JM. 2. 1912 (p)nt Hs. 2) : Tin Tii id Mn 

Him/iiavas, !>v V. Dienn 

You XXXVIL HKi9 (ofo of pr^oi) : VIk' nian^tUn‘M on 
deposits ol lndj<n bv L. L. F* nnou 

\0L, XXXVIJL 1910 ( 00 / of pnof) : The Kaimni eaillnpiaKi 

of 4lh \|>nl 1905, by S. i\liddl<niis% 



!VJ» MOIHS. 


Voi. JCAXIX, Pi 1 1911 {offi of puoi) , TIm <l 

NIoifti<*in H H. Tliivcku. 

Pi 2, 191 > (of(t of jnmt) : (xeolof^v ot Hu’ 

Nor<lu‘fn Sh«ii bv T. H 1). f*a 

Tom hi 

Vo<. Xb f9 i, 1912 {oitf of puHf) 'FIm* of 

Buiinai b\ K, H, Pds(<>t\ 

Pi 2, 1914 (pure IN. .‘i) . |H‘irolfnuii 

<KM inr<*iHM‘s <)1 Ass«ui «n<l by 

K. H Phsuw 

Pt b 1920 (oNf of pmtf) * PetroJcum id lhf» 

Piiujab -iUkI Norlb-W**Hl Froiilier Pio 
vine**, b\ K. H, Pasooe. 

Vou Xbl Pi, I 1912, Hepu^tihd J922 (pme Rs. 5) 

MWiltielrlB of India, by Ihe laie 
Prof. V, Ball, eofmhj rented amt finqthf 
by R, R. Snnpaon, 

Pt. 2, 1914 (ptiee Rs 2) : Oi» #^<‘ology 
and coal roaources of Komi Ktatc, (Vnlral 
ProviiHcs, b\ 1>. L. Foruior, 

Vou XLII, Pt f 1914 (puoe Rs. 2) : The Burma 

eartlujuaikeb ot May 1912, b;v J* <^oggm 
Bi’owii. 

Pt. 2. 1917 (pni*e Rk. 2) : The structure of 
/ the Hrnmlayas, aiul of the (iangetio 
Phiin, as chu'idiitiMl bv gcoilctic obsciva- 
tions ill India, by R. D. Oldham. 

Vou XIjIII. Pi. I, 1912 [mtl of prio^) : Indian geological 

Icnmtiologv, by Sir Thomas H. Holland 
and <S. H. Tipper. 

Pi, 2, I9H) (ooi of pHvt) : A desniplive 

<atHlogue of the meteonten comprised 
rn the <*ollection of the Ocologual 
Survey of India, i^almilta (on Auguat 
Lst 1914), by 2. (%gin Brown. 

Voi.* XIjIV. Pu I 1921 (pan* Hs. 5) ; The gei^ogy of 

lilar State, by i\ S. MhhllemiHs. 

Pi, 2, 1922 {pif<^ IN. i\ as. 8) : The geology 
and ore deposits of the Tavoy distiict, by 
J. tViggin Blown anil A, M. Heron. 

» 
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CA^iAhOGUr O’* HM UGN'VnONS 


Vofi, Xf<V. Pt. I, PM7 (Offi Of pjaif) • of 

^ Noflh K.i^toin ifajpiifiUhi .<nd ,j«l|a(vid 

distn<‘ts Us \* *\1. HoiiM! 

Pi. J, (prur Uk. Tlio <U\uhor and 

Vindhvan tn Sonlli Ma'^loni Itaj 

pdhHia l>\ A. i\L n<*ron 

V'^K.^ XI»V(, Vi. 1, nW> (pnvf Un, :') . Tin* Srnnan^a* 

tMiflujUalvo of 8 Hi Jidv 1»} Murtay 

Htiuut. 

Pt. ti. H^2<> (/>v/</‘ IN. 2) . 'I'Ih* Pulrli (Ka<‘lib) 

<*}nih<|nal<(‘ of (Otb dnm* {H\U wiHj a 
revision ol tln^ uroal oaitlojuake of 

l2Hi *Iuu(‘ 1807, l>v P. I). Oldham. 

Von. XLVn. Vi. I. fUiiO (pnW IK : Tin* mine., ami 

fuinouil re^ourooH oi Vimnun \m 0)[ short 
acroiinhs of iU a^rionltiaal ptoduois 
am! tnuioj by d, < Biown 

Pt. 2, I012JJ (pz-foo fhs. 1) ; Tho alkalim* lukea 

ami the H«la ui(lusli\ of Simi, i>v l». 

do P. i\»Oor 

Voh, XliVllf. Pt. I, 102ti (p}w Ha, r>) : Oooloj^ioul notes 

on M<\sojK>taHua v^iHi s(m^ou1 rdorouco 
to Ooourrom‘OH of PoimhMini, by K. H. 
Pnsooo. 

Pi. 2, 1025 {pnrr iK as, 12) : Tho j^eology 

of {karts <»f tho l^orslan Proviaoos of 

Pars, Kimwui ami banslan, by (Jay 

^ foh, XblX. Pt. I, 1025 {oiti of pthif) : Tho haiKifo ami 

alumiuoiis latorilo ooouironoon of India 
by Oyril S. Po.\. 

PL 2 , 1028 (privo Itn. 7 as, 12) ; Tim form«*r 
fijlaoiatiori of tho Kant Lidar valley, 
Kashmir, by Lt.d‘olonol dohn I 4 . Krialin- 
ton, 

Voi*^ I 4 * PL L 1025 {fmW fts. 6 us. (>) : Doscriptions 

of molliisoa from tdm post-Hocyno Tertiary 
formuHoii of Nortli-Westoru India: 
Cephalopoda, Opisthobranchiata, Biphonos-^ 
tomata, by the late K* Vredenburjif^ 
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Ti, ’J, Ifttih (prict* ks. 6 .h. (0) : I)*"S(‘up 

tioriN of {jiioUuH(\< froMu tio‘ 

IVf f Mivy fortiia I ion of Norl l»-W(Nt <‘rn 
(tidia . (fiistroptHla (in [wul) and lianndli 
hraneliiatu, by the late K. Vredenburf^. 

'vo^, bL kt. I, 1920 (//mr lbs. 2 8) : Imban 

j»eologii‘al ternunolo^v, by Sii Thoinas 

H. Holland. 

IM. 2, 1928 (;ww IN. 7 a-^. <») : The geology 

uf Pooiich Htato (Kashmir) and adjacenl. 
puitums of the Punjab, bv U. N. Wadia. 

Viin. l.(L Pt. t. 1925 (price Ks. 7 8) : On the 

geological etrncture of the Karnanpiua 
((Mlfteldn, Bihar and Orisna, by Albert 
tiowott. 

Pt. 2, 1929 (price Rs. 5 a... 8) : The alurub 
nous refractory materinlH: Kyanite* Hilli- 
luanite and Corundum in Northern 
India, by J. A. Dunn. 

VtM*. Idll. 1928 (price Hh. 4) : Tin stiucture and 

/ cocielafeion of the Hiuda rocks, by Guy 
K. Pilgrim and W. I). Wcftl. 

Von IdV. 1929 (price lbs. 12 as, 4) ' The geologv of 

North Binghbhuni including parts of 
Ranchi and Manblmrn disIriidH, by 
J. A. Dunn. 

Voji. hW Pt. b 1959 (price Kb. 9 as. 2) : The geology 

of the Mergui district, by the lat(‘ Rno 
Bahailur B, Bethu Ranni Ran. 

Pt. 2, 1955 (p'ice Hs. G uh. 4) : 1’he geology 
of the part of the Atto<‘k <liHtri<5t lyent 

of longitude 72*^ 45' K., by U. de P, 

Cotter. 

Vou* IjVI. 1950 (price Rh. 8 as. 12) : The dhuria coal- 

fields by Cyril S. Fox. 

Voi* LVII. 1951 (price R». 9 as. 4) : Coal in fndia. 

I, —The natural history of Indian coal, 

by Cyril S. Fox. 

a 2 





CATAhOMlF. pnUl.H'AJION*-, 


y oi „ 

)Am, 

1931 (price Ks. 0) : foal in 
(UnnhYnna system jnal 
tions. by tVril H, Fox. 

India. 11. He 
related loin a 

Vou. 

LIX. 

lIKU (price Rs, 8 a^. j) ; *rhc 
co.'dtijdds of India. b\ <Std 

Lowei (londwana 
S. Fox. 

Vot, 

LX. 

Xol fpf os*.s^ov/. 


VoLc 

LXl. 

1932 (prirr Hk 13 as. 0) * The 
resources of the liam<^anj 
H. (yee. 

j.n*o|o^'\ and <*oid 
coalfield, by R 

Yor. 

LXil. 

Ft ] 193:1 (price Us. 1 ;is. 

eartlKjuakcs <d* and 

2) : The Fyu 
tth Deeember, 


HWO, aii<I sul>M*t|in*nt Burma (‘art lujuak^'H 
(ip tA> flanuary, I9H2, l>v .L Bnwu 

»ikI P. Lei<^(»8lei% 

Pt. 2, 1933 {[>me Kk 5 jin. 1) : Viialbyau 
sHlimmitation m th<* Son valloy, Mirxa 
pur (Imtriri, by J. B. Audam 
^ Vot, LXni. Pf. I, 1933 {ptice Kh. 7 as. 8) : 

Sirohi Hajpipaim, }\y A. B. 

(Joulmm. 

^ Pi. 2, 1934 {pwe Rk. 7 as. 10) : Th^* irot^or** 
d<‘).K)sitH of Biliar and Onssa, l>y H* 
OciJ donoM. 

Pt. 3, 1940 {pm* Re. 1 as. 14) : The 

si-raiigrapliy of Mi>u<h Singhhhum, by J. A. 
Dunu. 

VoL. t.XlV. Pt. I, 1933 (pme R«. 3 as. 14) : Baryfos in the 

tVded diHtri<*1s of the Ma^b’as Presid(*nry; 
with notes on its oiumrrence in o1h(*r parts 
of India, by A. L. (V>ulHon. 

FH. 2, 1934 {pm* Hh. 3 as, H) : AsheHtos in the 
f!eded districts of the Madras Presidency * 
with notes on its ocenn*cn(»e in other parts 
of India, by A. L. Ooulson. 

Vou LXV, Pt. I, 1934 (/>r/re Rs. 4 as. 0) : The Dhubri 

earth^iualce of the 3rd July, 1930, by R. H. 
(?ce. 

Pt. 2, 1934 (price Hs. 4 As. 12) : The jjjeolojjy 
of Central Me war, by 8. C. Onpta. 
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Vof.. LXVL (^1, I. (pntr Rs, <> a.^, Thr natural 
u\MouH*<\s of Burma, hy C. T. BarU^r. 

f*t. 19:M» (;>v‘/<r Hs. t» a«. r») . GK)logy of the 
nofthrtfi slopoM of the Satpura^ k‘twcoij 
tho Morand an<l tbe f4hei rivors* l)y 

H. (’loolcshank. 

Vou IjXVII. Pi* 1. (/w/Vv* Hh. r>) : 1’lia BaliadiiHlan 

^'aiilujuakes of August tir)tli iuid "J7th* 
t>y W* C). West,. 

VoCi, LXVIU. Pi. I. I0ot> {jyrire Rh. 7 as. 12) : l’h<‘ ^t^ology of 

Houthoasiorn Mowar, Rajputaiia, by A, M. 
Horou, 

Pt. 2, l9Hf5 {prifr Rs. 4 aw. 12) : 1’lu^ Tertiary 

ii*nooiis rooks of Hie Pakokku dinirid and 
the Halingyi Township of the JjONver Chind' 
wilt (listrict, Burma, with special refereui^e 
(o the Determiiiation of the Pelspurs by 

the Redoroff Method, by {\ T. Barber. 

Von. LKIX. PI. I, 1927 {/>y/Ve Rs, 9 as. 8) : The mineial 

d<*posits of Kastern Sini^hblHaJu and 
HUiToundin<» areas, by 2, A. Dunn. 

(H. 2. UH2 (pv/rr Rh. 19 as. 2) ; The ^^eology axid 
|>etrology of K, Hingldihuin and sunound- 
ing aieas, bv rl. A, Dunii and A. K. IVy. 

Vot*. F#XX. An afteiupl at the eorrelation of tlie Aiudent 

Schistose formations of Peninsular India, 
bv Hii (jewis Leigh Kerinor : 1*1, 1, 

I92»d (pmr He. I as. 4), Pi. 2, No. I, 1926 
{pure Hs. 2 as. 4), Pi. 2, K<k 2» 1940 (pn<r 
He. I as. 12). 

Vob> liXXI. I92»7 (///vcc Hs. 6 as. 12) : The geology of 

<iattgf>ur State. Kastein Stales, by M. H, 
Krisbnan, 

Voii. LXXII. Pi. I, 1928 (/nvVr Hh. 5 as, 12) : The geology of 

parts of the Minim, Myingyan, F*akokku, 
and Lower ('hindwin districts, Banna, by 
(L de P. ('otter. 

Pt. 2, 1928 {pnW Rh. 6 as. 2) : The geology of 
puiis of the Minbu and Thayetmyo districts, 
Burma, by B. L. G. (Hegg, 
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< Al'AhOfa K or V\ BIJOA’IIOV^ 


VoL, 




Voi. 


Voi, 


you 


you 






IXXW 


LXXVI. 


I.XXVIK 

bXXVUi. 


(ptitu^ Ks. 10 ns. M) (Ob*n i 

♦*art[M|ankr of ItkJK l>v OOh^ms of tlx* 
i'irni Kin\i»v of Imhu, S^Msnxxnriijr •^lu^lv 
h\ K. i\ Ho\. 

Pt. I liMl (/>/vi‘r |{v. :J 0 : Th*‘ < 

jn<l nssorintiMf rorls^ o{ Bunna, h\ B. B, 

< 

h. *J, i*MI (pnn IN. 0 ius. cs) : HrfHU’t oh 

i£<*olo^x*al surV4‘V ii) piuis of Karontti mxI 
tlx* Huulhrrn Shan Stair*-, I)\ \, Hoh^oo, 

^vith an inlnuluctMui In B. L. 

liMO {ptin* Its. I aB. H) : \ <atalo<ni(* of uiotro 

I'itr#-' : uiOl sp<‘<'ial rrfcrrurr io hxluui 

falN ainl HtuJs and to s|ir(‘iiurns »« ih* 
hxliari Sluhru!n» (^alnOta, as oji N1 
Aui;u«t I0IJ9, by i^. <‘<>tilson, 

Pt. I, IfHO {/>/vVr IN. i> as. II!) : Watrr supply 

paper No. I. The i!;rolof»y aixl undrj 

ptrouml water-siif^ply of <^ih*uffa, I5«‘)f»j.'ah 
with spe(nal relVrrnrr to tul)r wells. In L. 
('’onlHoin. 

f*t. 2, BMO iprm* Ah. 12) : Waieixsuppiy paper 

No. 2. Tube-wellH hi and afonm) 
C^ih'utla, by N. i\ Bosr. 

Pt. In liM2 (pmr IN. 4 as. 2) : Wain supply 

(laprr No. 15. Wairr supply of tltr 
Darranj;* dial riot, Vssauu l>v h. 

MMri (pnW IN. 8) ; rataloi^oir of publiratiorn of 
the Urolof^h'id Survey of India and nah*^ ol 
|j;<‘olo^i(*al nnips tip to Mareh 1940. 

1942 {prirt^ IN. f> as. 0) : The <»etoiotnie jiei>lo]^\ 
and mineral renourees of Bihar Iboviue*’ 

t>y J. A- Dtmn, 
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PALffiONTOLOaA INDICA. 

<Sm: I. ill V, VI. Mil.) ('RKT.\('K()nS F\UN\ OF SOUTHKllN 
INDIA, h), F. STOMCZKA. wvpl Voj,. I. I’c. I. /*// H. F. 
\( h , f> uH. 4 ). 

I VM> III, Voh. f. (olfi oj prtifi): Tlit* (Vphalofmdj, 

pp. plw, i >4 {(■> double), 

Hm V. Vo\„ U* (18b74)H) (m// of : The t}^4a^ropO(^«^, pp. 

xni, WX), pis. 

VI. VoL. 111. (IH70-71): The Pelecypoda. pp, xxii. r>:>7, pb. 50 

{prH*e Hh, It! an, H). 

Skr. VIIK --Voi.. IV. (IH72-75): The Biaehiopoda. (^iliopoda. Kchi- 
nodeniiaUi, (iorab, etc,, pp. v, 20ti. pb. {pnre Rh. 7 
as. i). 


{Hm II, XI, XU.) THK POSHIL PLOKA OF THF (U)NUWANA 
SYHTKM, />// 0. FKIHTMANTKL. creep/ Voi. 1. Pt, L 
T. OliUHAM^/W J. MOKRIH. 

Vo<u I. IM. I (oHt oJl pNht): Fossil flora of thcN 

Hajma 1ml series in Uie Haimahal Hills, pp. ' 
52, pis. ir>. 

Pt. J (IH77): 7V/e .sr/zac pp. 110, 

pis. 18 (pvee Rs. 8 as. 

Pt. 8# (1877): Plants from Oolapilli, pp. 

(fls, H {/>r/ce Hs. 8), 

Pt. i (1870): OnHiers on the Madras Ooasl, 
pp. 84, pis. U)(prh* Kh, 4). 

Vor.. U l*t, I (IH7G): Jurussic flora of Kaclu pp. 80, 

pis. 18 (price IN. 8). 

Pt. 8 (1877): Flora of the Jai)ulpai i?i‘onp, 
pp. 25, pb. 14 (pnve Rs. 8 as. H), 

Voh. nr, Pb I (1879-81): The flora of the Talohir- 

tCarhai’bari beds, pp. 04, pis. .11 (price 
\ Rs, 8), 

Ft, 2 (1880): The flora of the DatnurhcPanohet 
diviBionH, pp. 77, pis. 10 (price Rs. 4 as, 12), 
Pt, 8 (1881): Tfic name (dweladed)^ |>|>, 72, 
pb, 81 (price Ks. 8 as, 8), 



OH’ PI BLK’A’HONS. 


Wm, i!V, i (IH 82 ) (o^it of pHu/): I'Im* fossil ffout 'I 

flip Houlh R<n\iib <JoipIwpijh hjisin. |>p. o'i 

pJ«, 21. 

.Pt, 2 (I88(»): Tho fossil Uora of ‘^oioo of* tio 
coalfiobls ill Wostoni Bontj^aK f>p. pB. B' 
(ftri(r Hs. .‘> us, h). 


IV.) INDIAN PHKTBKTIAHY VKRTKHKATA. 

Pt. I (1865): Tho Vcvlobrafp tosnilH IVoni ilio 
l^anrlipf rooks, pp, 24, iii, [>ls, <>, hy T. H, 
Huxloy iprirr He. 1 as. 8), 

Pi. 2 (1878): The Vertebrafe IohsHh of \\n 
Ko1a.‘Malei‘i ,ij;roup, pp, 28, |>Ih* 4, by Sir 
P. lie M. <5rey E^eHon, D, i\ ftliall ainl 
\\\ T. Blaiifbni (pnn Ho. I). 
f't. 8 (1879): Kepfalia an«l Biitraehia, pp, 
pis. 6, hy H. Lydekker (pric** Re. J as. 8). 
Pt. *1 (1885) {oiU of priot): The Labyni 
lluslont tVoni the Bijori {^roup, pf>. 16 
pis, in liy H. Lydekker, 

Pi. 5 (1885) (oHf of priHf):T\\i^ H<‘]itilia aud 
Ainphilna of the Maleri ami Ib^ima jjcroup*^ 
f>p* 58, pis. 6, by R. Lydokker, 

(SKa, IX.) dliRAKSir FAUNA OF KUTilL 

Vou I. (1875 76): The Df*pliHl<^pod«, pp, i, 247, pis. o<* 

(6 ilouble). l>y W, Waa^^en Hs. 15). 

Vou U. Pi. 1 (1895) {ooi of priof): The Eeliin<a<|ea 

of Kaeh. pp. 12, pis. 2, liy J. W. <Jre^'ia\, 
Pi. 2 (1900): The (hrah, pp 190, 14X, pk 

26, by d, W, (Jregory [pare Kb. 6 an. 8), 

VoL, HJ. Pt, 1 (I9(M)): The Braehiopoda, pp. 87, pJs. 15, 

by F. L. Kitchin (pwe Hm. 5 as. 12). 

Pt. 2 (lfK15): LamelJibranehiHla: (Jemis Ttigonin, 
pp, 122, pis. 10, by F. L. KHiOhin (/y/ev 
Rs. 2 as. 8), 




f AI.^.ONTOL<>(HA INOK^A. 


(IlHO):'nu‘ .lurahKi<‘ Lani»llil>ran<'h tauna 
Ai Kfiirh pp. iW, |>I8. H>, hy L. 

K. <N>x {prirr H,s. an. 10). 

(Snr<. X.) INDIAN TKRTIARY AND POSTTKKTIAHY VKR 
TKBHATA, />// II. LYDKKKBH, rjvrpf Vol. i, Pi. L 6v N. 
BKn^K KOOTK. 

'<»!. 1. Pi, I (IH74): IlhiaocMMos j)|K 17; 

pis, :> (/;/vVr As. 12), 

Pi. 2 (18715): Molar ierth and other roinaios 
of 'Vlauunalia. pp. (50, pis. 7 (pr/ir Re. 1 

«th. 12 ). 

Pi. 15 (1878): (‘rania of Rannnanis, pp. 8l, 
pis. 18 ipri^r Rs, \ as, 8). 

)*i. 4 (1880): >Sijppleiiient 1o Pi. d. pp. 10, 

pis. 5 {pn<T Re. I as, i). 

Pi. 5 (1880) ; SiMvalik and Narlmda Prohoseidia, 
pp, 118, pis. 18 {price Rs. *1 as, 8). 

V<M. (L 1^1. I (1881): Ki^alik Rliino<*er(>ii(l?e, pp. <52, 

pis, 10 {price Hr, 2 as. 8). 

Pi. 2 (1881): Kupplemeni lo Si\valili: and 

Narlaida Proboseidia, pp, i (price As. 8). 
Pi. 15 (1882): Sivvalik aiid Narhjula Kqkbe, pp. 

2»2. ))Ih. T) (price Re. ) as. i). 

I^i. i (1880): Hiwalik (^nnelopardalida* pp. ^i‘L 

pis. 7 (price Rs, 2). 

5 (1880) : Hiwalik He)e,no<bHit iSiiina, ete... 
pp. 00. pis. 0 (price Re. I), 

Pi. i\ (1884): Kiwalik aa<l Narbada (^ataivor.t, 
pp. 178, pis. 21 (price Rs. 5 as, 8), 

Voi* III* Pi. 1 (1884) {oftf oj prict): \d<litional »Si^vallk 

Perissodaetyln and Proboseidia, pp. 04, 

pis. 5, 

2 (1884) (out i\f prid ): Siwalik ami Narbada 
fbonsbmt. Huina, j>p. 70, pis, 7, 

.Pro (1884) (od of print): Rodealn and now 
Rumhianis froir» the Wwaliks, and 
syuopsis of Mtimuialia, pp. 00, pL 1. 

PR 4 (1884) (od of pnnl): fcJiwalik birds, 
pp. 10, pis, 2. 
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OK ri TO.lOVTTOM^ 


Pt. 5 (1881) o/ . MaHto<lot) 

htnn PtMiui IhLukI pp <> pi'' -• 

Pt i> (1885) (offf ot ptuff) . Sivvahtv atid Naihola 
(‘tHdorna. ]>p- r>0, jds* IP* 

Pi, 7 (1880) (oNf of puttf) . )Sn\ahL ('totuxtilia, 
Lai^eitilui and <>phi(ha pp* pis. 

Vi. S (1880) (fHf( of print): TKit!ar\ ihIh's, pp, 
18. pKs, 5. 

Von* IV, Pt- I (1880) {out of pnni)- Kiwalik Mammalia 

(Hupplmnmit), pp. 18 pin. 0, 

f*t, :i (1880) {ottt of pnnt): Tlif tiuiiu of tho 
Karmif <*«\os (an<l Hdilemlnm l.o (d. f), 
pp. to, pis. 5. 

Pt. H (1887) {oHf of pr'^nl): Kootnio (‘holonia 
from tin* Salt-Ifanuo, pp 7, pis, 

(Skk. VH, XIV.) TKRTIAKV ANI> IIPPKR (1JKTVt^KOUM 
FAUNA OF WFKTKRN INDIA, In/ P. MARTIN l)UN(^\N 
and W, PKR(‘FY HLADKN, /orKp^Pt, L 6// K. OTOLK^ZKA 

Vou I. Pt* M (1H7I) (oaf of pnnt): 'IVrliaiy oiabn 

Irom Kind and Karh, pp. lO pis 5. 

Pi. ti (1880): Kind fos.sil corals and Vlcvonana, 
pp, no, ph. t38, bv P, Martin Dnncan 
{pnv(* Rs. 7), 

Pt, 5 (1882 80): The IohsiI Fchmoidca of 
Kind, pp, HH2, (ds, 08, by P Marlin 

Dunciui ami Percy Kahi^m, hofi, L The 
(Utrdita Iminmonti ia'ds [pirn* Re I) ; 
Fun. 2, The Ranikot senes m Wed cm 
Kind {pthv Rs, 1); Fun, iS, The Klin 

Hnu HcrieK {pnW Rs. i as, 8), Fan, /, 

The Nari (01ig<»ccne) senes (prim Re, I 
as, 4); Fas. 5, The (3aj (Mioeene) seiies 
{/yriee Rs. 2); Fan, 6\ The Makuin ((Miocene) 
sericBofthe coast of Biluchistan and of 
the FerBian (tulf (pnrr He. 1). 

Pt, 4 (1883): The fossil Kchinoidca of Ka<‘b 
and Katiywar, by P. Martin Duncun, 
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Part S of print ).—The Shapur coalfield, with notice of coal- 
explorations in the Narbada region, by H. B. Medlicott. 

Note on coals recently found near Moflong, Khasia 
HiUs, by F. R. Mallet. ’ 

Part d (out of print). —^Note on the geology of Nepal, by H. B. Medli¬ 
cott. 

The Raigarh and Hingir coalfield, by V. Ball. 

Von. IX, 1876. 

P<M 1 (out of print ).—^Annual Report of the Geological Survey of 
In^, and of the Geological Museum, Calcutta, for the 
year 1876, by T. Oldham. 

On ihe geology of Sind, by W. T. Blanford. 

Part 2 (om cf print ).—^The retirement of Dr. Oldham, by H. B. 
Mndheott. 

I Noti0& on the age of come fossil fioras of India, by 
Ottohiar Feistiaantel. 
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Description of a cranium of Stegodon ganesa, with 
notes on the sub-genus and allied forms, by R. Lydekker. 

Note upon the Sub-Himalayan series in the Jamu 
(Jummoo) Hills, by H. B. Medlicott. 

Part 8 (out of print ).—Notes on the age of some fossil floras in India, 

by Ottokar Feistmantel. 

Note on the geological age of certain groups comprised 
in the Gondwana series of India, and on the evidence 
they afford of distinct zoological and botanical terrestrial 
regions in ancient epochs, by W. T. Blanford. 

On the relations of the fossrliferous strata at Maleri 
and Kota, near Sironcha, Central Provinces, by T. W. H. 
Hughes, 

Notes on the fossil mammalian faunae of India and 
Burma, by R, Lydekker. 

Part 4 (out of print ),—Notes on the age of some fossil floras in India 
by Ottokar Feistmantel 

Notes on the osteology of -Merycopotamus dissimilis, 
by R, Lydekker. 

Addenda and corrigenda to paper on Tertiary m^- 
malia (ante p. 86), by R. Lydekker. 

Occurrence of Plesiosaurus in India, by R. Lydekker. 

Notes on the geology of the Pir Panjal and neighbour¬ 
ing districts, by R. Lydekker. 

Von. X, 1877, ^ 

Part 1 (out of Annual Report of the Geological Survey of 

India, and of the Geological Museum, Calcutta, for the 
year 1876, by H. B. Medlicott. 

Geological notes on the Great Indian Desert between 
Sind and RAjpAtAna, by W. T. Blanford. 

On the occurrence of the Cretaceous genus OmphoMa 
near Namcho Lake, Tibet, about 76 miles north of 
Lhassa, by Ottokar Feistmantel 

iTote on Estheria in the Gondwana formation, by 
Ottokar Feistmantel ^ ^ 

Notices of ne'^f*»and other Vertebrata from Indian 
Tertiary and Secondary ro6ks, by R. Lydekker. 

Description of a new Emydine from the Upper Ta;- 
tiaries of the Northern .Punjab, by W. Theobald-. 

r>2’ 
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Observationh on underground temperaturo, by 11. B. 
iledlicolt. 

Fad 2 (oat of jinaf ),—Note on the rocks of the Lower (Jodavaii. bv 
W. King. 

On the * Atgarh sandstones’ near (Hittaek, ])y V. Ball. 

Notes on fossil floras m India, by Ottokar Feist mantel. 

Notices of new 'or rare Mammals from the Hiwahks, by 
R. Lydekker. 

Note on the Arvali series in North-Eastern Rajput ana. 
by C. A. Hacket. 

Borings'for coa] in India, by T. W. H, Hughes. 

Note on the geology of India, by W. Waagen. 

Pa}t o {oaf oj pnat ).—Note on the Tertiary zone and underlying 
locks in the North-West Panjab, by A. B. Wynne. 

Notes on fossil floras in India, by Ottokar Feist- 
mantel. 

On the occurrence of erratics in tlie Potwar, and the 
deductions that must be drawn therefrom, by W. Theo¬ 
bald. 

On recent coal explorations in the Darjiling district, 
by F, R. Mallet* 

Limestones an the neighbourhood of Barakar, by F, R. 
Mallet. 

On some forms of blowing-machine used by the smiths 
of Upper Assam, by F. R. Mallet. 

Analyses of Raniganj coals, by A. Tween. 

Part 4 {out of print).-^On the geology of the Mahanadi basin and 
its Vicinity, by V. Ball. 

On the diamonds, gold and lead ores, of the Sambalpur 
district, by V. Ball. 

Note on Eryon comp. Barrovensis ”, McCoy, from 
the Sripermatur group near Madras, by Ottokar Feist- 
mantel. 

Notes on fossil floras in India, by Ottokar Feist- 
mantel. 

The Blaim group and the Central Gneiss ” in the 
Simla Himalayas, by Lieut.-Colonel 0. A. McMahon. 

Remarks, explanatory and critical on some statements 
in Mr. Wynne’s paper on the Tertiaries of the North- 
West Panjab in Records, Vol X, Part 3, by W. Theobald 
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Note on the genera Ghceromeryx and Rhagatherwm, by 
R. Lvdekker, 


VoL, XI, 1878. 

Pad 1 (oaf oj print ),—Annual Report of the Geological Survey of 
India, and of the Geological Museum, Calcutta, for the 
year 1877, by H. B, Medlicott. 

Notes on the geology of the upper Godavari basin, 
between the river Wardha and the Godavari, near the 
(^ivil Station of Sironcha, by T. W. H. Hughes. 

Notes^ on the geology of Kashmir, Kishtwar, and 
Pangi, by R. Lydekker. 

Notices of Siwalik mammals, by R. Lydekkeis 

The pateontological relations of the Gondwana system: 
a reply to Dr. Feistmantel, by W. T. Blanford. 

On “ Remarks, etc., by Mi\ Theobald upon erratics 
in the Punjab by A. B. Wynne. 

Pari 2 (oaf of print). -On the geology of Sind (second notice), by 
W. T. Blanford. 

On the origin of the Kuinaon Lakes, by Ball. 

Note on a trip over the Milam Pass, Kumaon. by 
T. W, H. Hughes, with a description of the fossils, by 
W. Waagcn. 

The mud volcanoes of Ramri and Clieduba, by F. R. 
Mullet. 

On the mineral resources of Ramri, (hoduba, and the 
adjacent Islands, by F, R Mallet. 

Pari S {out of Note on the progress of the gohl industry in 

Wynad, Nilgiri district, Madras Presidency, by W. King. 

Notes on tlie representatives of the Upper Gondwana 
series in Trichinopoly and Nellore-Kistna districts, hy 
R. Bruce Foote. 

Senarmontite from kSarawak, by F. R. Mallet. 

Part d,—On the geographical distribution of fossil organisms in 
India, by W. Waagen. 

Submerged forest on Bombay Island. Ohervations by 
6. E. Ormiston, dated 29th May 1878 {communicated by 
GovernmerU), 
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CATAL(^GUE OF FUBLICATTONS. 


VoL. XU, ]879. 

Pofi 1 {out of print). —x4nnual Report of the Geological Survey of 
India, and of the Geological Muaeuin, Calcutta, for the 
year 1878, bv H. B. Medlicott. 

Geology of Kashmir (3rd notice), by R. Lydekkor. 

Further notices of Siwalik mammalia, by R. Lydekkor. 

Notes on some .Siwalik birds, by R. Lydekkor. 

Notes of a tour through Hangrang and Spiti, by 
Colonel C. A. Mcllahon. 

Note on a recent mud eruption in Ramri Island 
(Arakan), by F. R. Mallet. 

On braunite, with rhodonite from near Nagpur, Central 
Provinces, by F. R. Mallet. 

Palaeontological notes from the Satpura coalbasin, 
by Ottokar Feistmantel. 

Statistics of coal importations into India, by T. W. H. 
Hughes. 

Port 2 (out of print). —Note on the Mohpani coalfield, by H. B. Medli¬ 
cott. 

On pyrolusite with psilomelane occurring at Gosalpur, 
Jabalpur district, by F. R. Mallet. 

A geological reconnaissance from the Indus at Kushal- 
garb to the Kurram at Thai on the Afghan Frontier, by 
A. B. Wynne. 

Further notes on the geology of the Upper Punjab, by 
A. B. Wynne. 

Part 3 {out of print).—On the geological features of the northern 
part of Madura district, the Pudnkotai State, and the 
southern parts of the Tanjore and Trichinopoly districts 
included within the limits of Sheet 80 of the Indian 
Atlas, by R. Bruce Foote. 

Rough notes on the Cretaceous fossils from Tricliino- ’ 
poly district, collected in 1877-78, by R. Bruce Foote. 

Notes on the genus Sphenophyllum and other E'juise- 
tacese with reference to the Indian forn,i Trizygia speciom 
Royle {Hphenopliyllum trizygia Ung.), by Ottokar Feist¬ 
mantel. 

On mvsorin and atacamite from the Nellore flistrict, 
by F. R. Mallet. 

On Corundum from the Khasi Hills, by F. B. Mallet. 
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Note on the Joga neiglibourhood and old mines on 
tlio Nerhudda, by G. J. Nicholls. 

Part 4- Note on tlie '' Attock slates ’’ and their probable geological 
position, by W. Waagen. 

On a marginal bone of an undescribecl tortoise, from 
tlie Upper ^Siwaliks, near Nila, in the Potwar, Punjab, 
by W. Theobald. 

Sketch of the geology of North Arcot district, by 
R. Bruce Foote. 

On the continuation of the road section from Miirree 
to Abbottal>ad, by A. B. Wynne. 

VoL. XIII, 1880. 

Part 1 (oat of Annual Report of tlie Geological Survey of 

India, and of the Geological Museum, Calcutta, for the 
year 1879, by H, B. Mcdlicott. 

Additional notes on the geology of the Upper Godavari 
basin in the neighliourhood of Sironcha, by W. King. 

Geology of Ladak and neighbouring districts, being 
fourth notice of geology of Kashmir and neighbouring 
territories by R. Lydekker. 

Teeth of fossil fishes from Ramri Island and the 
Punjab, by R. Lydekker. 

Note on the fossil genera NoggeratJiia, Stbg., Noggera- 
tlnopsin, Fstm., and R/iiptozamites, Schmalh., in palseozoic 
and secondary rocks of Europe, Asia, and Australia, by 
Ottoknr Feistmantel. 

Notes on fossil plants fioni Kattywar, Shekli Budin, 
ami Rirgujah, by Oftokar Feistmantel. 

On volcanie foei of eruption in the Konkan, by (ieorge 
T. C^lark. 

Part 2. tieological nott‘s, by C. L. Griesbach. 

PaUoontologieal notes on th(' Lo^^cr Trias of the Hima¬ 
layas, by C. L. Oriesbaeh. 

On the Artesian wells at Pondicherry and the pos^ 
sibility of finding such sources of water-supply at Madras, 
by W. King. 

Part 3.--The Kumaon lakes, by W* Theobald. 

On the discovery of a celt of palaeolithic type in the 
Punjab, by W. Theobald. 
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Pala'ontolo^ical notes from the Karharbari and Wouth 
Eewah coalfields, by Ottokar Feistmantel. 

Pxirtlier notes on the correlation of the Gondvvrana 
flora with other floras, by Ottokar Feistmantel, 

Additional note (m the Artesian wells at Pondicherry, 
by W. Kin^», 

Salt in Raiputana, by C*. A. Hacket. 

Record of i»as and mud eruptions on the Arakan 
Coast on 12th March 1879 and in June 1843, 

Part 4 {oi(t of p/tnf). On some Pleistocene deposits of the Northern 
Punjab, <md the evidence they afford of an extreme 
climate durina a portion of that period, by \V. Theobald. 

Cseful minerals of the Arvali Region, by C. A. Hacket. 

Further notes' on the correlation of the Gondwana 
flora with that of the Australian coal-bearing system, 
by Ottokar Feistmantel. 

Note on Reh or Alkali soils and saline well waters, 
by W. Center. * 

The Reh soils of ITpper India, by H. B. iVJedli(‘ott, 

Note on the Naini Tal Landslip (18th Bepteinher 1880), 
by R. D, Oldham, 


VoL, XIV, 1881. 

Put J {o)(t of ptinf). Annual Report of the Geological Survey of 
India, and of the Geological Museum. Calcutta, for the 
year 1880, liy R. B. Medlicott, 

Geology of part of Dardistun. Baltistan, and mughlaiur- 
ing districts, being fifth notice of the geology of Kashmir 
and neighbouring territoru\s (with map), by R. Ly(i(‘kk(‘r. 

Note on some Siwalik carnivora, by R, Lyilekker. 

The Siwalik group of the Rub-Himalayan region, by 
W, Theobald. 

Notes on the Houth Hewah Gondwana basin, by 
T. W, H. Hughes. 

On the ferruginous beds associated with the basaltic 
rocks of North-Eastern Ulster, in relation to Indian 
laterite, by F, R. Mallet. 

Notes on some Rajmahal plants, by Ottokar Feist- 
mantel, 

Travelled blocks of the Punjab, by A. B. Wynne. 
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Appendix to Palaeontological notes on the Lower Trias 
of the Himalayas by C. L. Griesbach. 

, Note on some mammalian fossils from Perim Island, 
in the collection of the Bombay Branch of the Royal 
Asiatic Society, by R. Lydekker, 

Farf 2 {out of print).- -The Nahan-Siwalik unconformity in the North 
Western Himalaya, by H. B. Medlicott. 

Note on some Gondwana Vertebrates, by R. Lydekker. 
Observations on the ossiferous beds of Hiindes in Tibet, 
by E. Lydekker. 

Notes on Mining Records, and the Minning Record Office 
of Great Britain; and the Coal and Metalliferous Mines 
Acts of 1872 (England), by T. W. H. Hughes. 

On cobaltite and danaite from the Khetri Mines, Raj- 
piitana; with some remarks on Jaipurite (Syepoorite), by 
E. R. Mallet. 

On the occurrence of zinc ore (smithsonite and blende) 
with barytes in the Karnul district, Madras, ’by F. R. 
Mallet. 

Notice of a mud eruption in the Island of Cheduba, 
by F. li. Mallet. 

Part o {oat of print ).—Artesian borings in India, by H. B. Medlicott. 

On oligoclase granite at Wangtu on the Sutlej. North- 
West Himnlayab, l)y F. R, Mallet. 

Note on a fish-palate from the Siwaliks. by A, Gunther, 
l^du'ontological notes from the Hazaribagh and Lohar- 
dagga districts, by Ottokar Foistmantel. 

Undes(*rib(Hl fossil carnivora from the Siwalik Hills in 
th<‘ (‘ollection of the British Museum, by P. N. Bose. 

Pail 4 (out of print). Remarks on the unification of geological 

non)en(*latnn‘ and cartography (a note sent to the Interna¬ 
tional Geological Congress of 1881 at Bologna), 1>y H. B. 
Medlicott. 

On the geology of the Arvali region. Central and Eastern, 
by C. A. Hacket. 

On a {?pecimen of native antimony obtained at Pulo 
Obin, near Singapore, by F. R. Mallet. 

On turgite from the neighbourhood of Juggiapett, 
Kistnah district, and on zinc carbonate from Karnul, 

Madras, by F-. R. Mallet. 
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/ Notp on the section from Dalhousie to Pan^^i via the 
Sach Pass, by Colonel C. A, McMahon. 

Note on the Bouth Ke^vah Gon(h\ana basin, bv 
T. W. H. Huirhes. 

Submerged forest on Boanbay island, observations by 
G. E. Oriniston. 


VoL. XV, 3882. 

Pari 1 (out of yjn/?^).~Annual Report of the Geological Survey of 
India and of the Geological Museum, Calcutta, for the 
year 1881, by H. B. Medlicott. 

Geology of North-West Kashmir and Khagan (being 
sixth notice of geology of Kashmir and neighbouring terri¬ 
tories), by R. Lydekker. 

On some Gondwana Labyrinthodonts, l)y R. Lydekker. 

Note on some Riwalik and Jamna mammals, by 
R. Lydekker. 

# The geology of Dalhousie, North-West Himalaya, by 
Colonel C. A. McMahon. 

Note on remains of palm leaves from the (Tertiary) 
Murree and Kasauli beds in India, by Ottokar Peistmantcl. 

On iridosmine from the Noa-Dihing river. Upper Assam, 
and on platinum from Chutia Nagpur, by F. R. Mallet. 

On (1) a copper mine lately opened near Yongri Hill, 

I in the Darjiling district, (2) Arsenical Pyrites in the 
same neighbourhood; (3) Kaolin at Darjiling (being Srd 
Appendix to a report “ On the geology and mineral 
resources of the Darjiling district and the Western Duars ’"), 
by F. R. Mallet. 

Analyst's of <*oal and ftve-clay from the Makum coal¬ 
field, Upper Assam, by F. R. Mallet. 

Experiments on the coal of Find Dadun Klian, Salt 
Range, with reference to the production oC gas, made 
April 29th, 1881, by C. H. Blackburn. 

Report on the proceedings and results of the International 
Geological Congress of Bologna, by W. T. Blanford. 

Part 2 (out of print ).—General sketch of the geology of the Travancore 
State, by W. King. 

The Warkilli beds and reported associated deposits at 
Quilon, in Travancore^ by W. King. 
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Note on some Siwalik and Narbada fossils, bv 
R. Lydekker. 

On the coal-bearing rocks of the valleys of the Upper 
Rer and the Mand rivers in Western Chutia Nagpur, bv 
V. Ball. 

Report oh the Bench river coalfield in Chhindwara 
district, Central Provinces, by W. T. Blaiiford. 

Note on borings for coal at Engsein, British Burmah. 
by E. Romanis. 

On sapphires recently discovered in the North-West 
Himalaya, by F. R. Mallet. 

Notice of a recent eruption from one of the mud volcanoes 
in Cheduba, by Colonel E. B. Sladen. 

Part 3 (out of print ),—Note on the coal of Mach (Much) in the Bolan 
Pass and of Sharag or Sharigh on the Harnai route 
between Sibi and Quetta, by W. T. Blanford. 

New faces observed on crystals of stilbite from the 
Western Ghats, Bombay, by F. R. Mallet. 

On the traps of Darang and Mandi in the North-Western 
Himalayas, by Colonel C. A. McMahon. 

Further note on the connexion between the Hazara and 
the Kashmir series, by A. B. Wynne. 

Note on the Umaria coalfield (South Rewah Gondwana 
basin), by T. W. H. Hughes. 

The Daranggiri coalfield, Garo Hills, Assam, by T. H. D. 

, La Touche, 

On the outcrops of coal in the Myanoung division of the 
Henzada district, by E, Romanis. 

Part 4 (out of print ),—Notes on a traverse across some goldfields of 
Mysore, by R. Bruce Foote. 

Record of borings for coal at Beddadanol, Godavari 
district, in 1874, by W. King. 

Note on the supposed o<*currence of coal on the Kistna, 
by H. B, Medlicott. 

VoL, XVI, 1883. 

Part 1 (out of print ),—Annual Report of the Geological Survey of 
India and of the Geological Museiim, Calcutta, for the 
year 1882, by H. B. Medlicott. 
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On the Oemis Richdiofenia. Kavs. {Anomia Law- 
ypHciitna, Ko^inek), hr VV. Waa^^nx. 

On the geolu 2 :y of Si>uth TravTincore, hy Li. Bru(*e 
Foote. 

Some notes on the geology of (liamha, by Colonel 0. A. 
McMahon. 

On the basalts of Bombay, by (^olonel 0. A. McMahon. 

Part 2 {out of print),- Synopsis of the fossil vertebrata of India, by 
R. Lydekker. 

Note on the Bijori Labyrinthodont. by R. Lydekker, 

Note on a sknll of Hippoiherwm anfilopinani, by li, 
Lydekker. 

On the iion ores, an<l subsidiary materials for the 
manufacture of iron, in the North-I?astern part ot the 
Jabalpur district, by F. R. Mallet. 

On lateritic and other manganese ore (K'curring at 
Gosiilpur, Jabalpur district, by F. li. Mallet. 

Further notes on the Umaria <*oalfield (South Rewali 
Gondwana basin), by T. W. H. Hughes. 

JParf J (ont of print). —On the microscopic structure of some Dalhouaie 
rocks, by Colonel C. A* McMahon. 

On the lavas of Aden, by Colonel C. X. McMahon. 
Note on the probable occurrence of Sivvalik stiata in 
China and Japan, by H. Lydekker, 

Note on the occurrence of Mastodon anpiosfidnns in 
India. ^ by H. Ly<iekker. 

Notes on a travers(* between Alinora an<l Mussooree 
made in October 18S2, by R. 1). Oldham. 

Note oil the (Vetaceous coal-in<^asur(‘s at Borsora in the 
Klmsia HilIvS, near Laour in Sylhet, by T. H. D, Ija Toiu'he. 

Part 4 [ont of print). Palaeontological notes from the Daltonguuj 
and Hutav coalfields in Chota Nag]Hir, by Ottokar Feist- 
mantel. 

On the altered buKsalts of the Ualhousie region in the 
North-Western Himalayas, by Colonel C. A. McMahon, 

On the microscopic structure of some Sub-Himalayan 
rocks of tertiary age, by Colonel C. A. McMahon. 

Note on the geojogy of Jaiinsar and the Lower Himalayas, 
by R, D. Oldham, 
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Xote« on a traverse through the Eastern Khasia, Jaintia 
and North ('^aehar Hills, by T. H. 1). La Touche. 

On native leatl from Maulmain, and chromite from 
the Andaman Islands, by F. R. Mallet. 

Notice ot a fiery eruption ironi one of the mud 
volcanoes of Clieduba Island, Arakan, by F. R. Mallet. 

Notice—Irrigation from wells in the North-Western 
Piovinees and Oudh, by Captain J. Chbboin. 

VoL. XVII, 1884. 

Pmt / (out of Annual Report of the Geological Survey of 

India, and of the (4eological Museum, Calcutta, for the 
year 1883, by H. B. Medlicott. 

Considerations on the smooth-water anchorages, or mud 
banks of Narrakal and Alleppy on the Travancore Coast, 
by W. King. 

Rough notes on Billa Surgam and other caves in the 
Kurnool district, by R. Bruce Foote, 

Notes on the geology of the Chuari and Sihunta parganahs 
of Chamba> by Colonel C. A, McMahon. 

Note on the occurrence of the genus Lyttonia, Waag., 
in the Kuling series of Kashmir, by R. Lydekker. 

Part 2 (<nd of Note on the earthquake of 31st December 

1881, by R. D, Oldham. 

On the microscopic structure of some Himalayan 
granites and gneissose granites, by Colonel C. A. 
McMahon. 

Report on the Choi coal exploration, by 6. F. Scott. 

On the re-discovery of certain localities for fossils in the 
Siwalik beds, by R. D. Oldham. 

On some of the mineral resources of the Andaman 
Islands in the neighbourhood of Port Blair, by F. R. 
Mallet. 

The Intertrappean beds in the Deccan and the Laramie 
group in Western North America, by M. Neumayr. 
(Translated feom the Neues Jahxbuch fiir Mineralogie, 
etc., 1884, Yol, L) 

Part 3 {out of print),-—On the microscopic structure of some Axvali 
rocks, by Colonel C. A. McMahon. 
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Section along the Indus from the Peshawar valley to 
the Salt Range, l>y \V. Waagen. 

On tlie selection of sites for borings in the Raigarli- 
Hingir coalfield. First notice, by W. King, 

Note on lignite near Raipur, CVntral Provinces, by 
P, N. Bose. 

The turquoise mines of Nishapur, Khorassan, by 
A. Hontum Schindler. 

Notice of a further fiery eruption from the Minbyin 
mud volcano of Cheduba Island, Arakan, by F. 11. 
Mallet. 

Re])ort on the Langrin coalfield, South-West Khasia 
Hills, by T. H. T). La Touche. 

Additional notes on the Umaria coalfield (South Uewah 
Gondwana basin), by T. W. H. Hughes. 

Part d (oift of p/'inf).- Note on the geology of part of the Gangasulan 
Pargana of British Garhwal, by R. D. Oldham, 

On fragments of slates and schists imbedded in the 
gneissose granite and granite of the N.-W. Himalayas, 
by Colonel C, A. McMahon, 

Report on the geology of the Takht-i-Suleman, by 
C. L. Greisbach. 

Note on the smooth-wat(*r anchorages of the Travancore 
coast, by R. D. Oldham, 

Notes on auriferous sands of the Subansiri river; - 
Pondicherry lignite;- and phosphatic rocks at Musurij 
by W, King. 

Mr, H. B. Foote's work at the Billa Surgam cavt^s. 
by R, Brii(*e Foote. 


VoL. XVIII, 1885. 

Part I {out of print ).—Annual Report of the Geological Survey of 
India, and of the Geological Museum, Calcutta, for the 
year 1884, by H. B. Medlicott/ 

Notes on the country between the Singareni coalfield 
and the Kistna river, by R. Bruce Foofe, 

Geological sketch of the country between the Singareni 
coalfield and Hyderabad, by R. Bruce Foote. 

Note on coal and limestone in the Doigrung river, 
near Golaghat, Assam, by T. H, D. La Touche. 
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Homotaxis, as illustrated from Indian formations, by 
W. T. Blanford. 

Afghan field-notes, by C, L. Griesbacli. 

Part 2 {out of print).—A fossiliferous series in the Lower Himalaya, 
Garhwal, by C. S, Middlemiss. 

Note on the probable age of the Mandhali series in the 
Lower Himalaya, by R. D. Oldham. 

Note on a second species of Siwalik camel {Camelus 
antiquus, nobis ex Pale, and Caut. M. S.), by R. Lydekker. 

Some further notes on the geology of Chamba. by 
Colonel C. A. McMahon. 

Memorandum on the probability of obtaining water 
by means of Artesian wells in the plains of Upper India, 
by R. D. Oldham. 

Further considerations upon Artesian sources in the 
plains of Upper India, by H. B. Medlieott. 

Notes on the geology of the Aka Hills, by T. H. D. La 
Touche. 

On the alleged tendency of the Arakan mud volcanoes 
to burst into eruption most frequently during the rains, 
by F. R. Mallet. 

Analyses of phosphatic nodules and rock from Mus- 
sooree, by F. R. Mallet. 

Part 3 {out of pmit ).—Notes on the geology of the Andaman Islands, 
by R. D. Oldham. 

Note on a third species of Merycopotanms, by R. 
Lydekker. 

Some observations on percolation as afiected by current, 
by H. B. Medlieott. 

Notice of the Pirthalla and Chandpur meteorites, by 
H. B. Medlieott. 

Report on the oil-wells and coal in the Thayetmyo 
district, British Burma, by R, Romanis. 

Note on some antimony deposits in the Maulmain 
district, by W. R. Griper. 

Notes on the Kashmir earthquake of 30th May 1885, 
by E. J. Jones. 

Preliminary notice of the Bengal earthquake of 14th July 
1886, by H. B. Medlieott, 
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OATALOCJUK OF PUBLUATIONS. 


Pad J {out of p}iHt). Sketch of the progress of s’eolo^iVal work in Hit 
Chhattis^aarh Division of the Oential Pr()Vin<'(‘s, by 
\V. fvin^‘. 

Report on the Bengal (^artlujuake of July 14th 1<S85, by 
L\ S. MiddlemisH* 

Keport on the Kashmir earthquake of JOth May ISS5. 
by E. J. Jones. 

Notes on the result of Mr. H. B. Foote’s further ex¬ 
cavations in the Billa Sur^ani (‘aves, by R. Bi'uee Friote. 

On the mineral hitherto known as Nepaulite, by F. R. 
Mallet. 

Notice of the Sahetmahet meteorite, by H. B. Mediu^ott. 

VoL. XIX, i88(). 

Part 1 {out of priui). Annual Report of the (4eol()^ical Survey of 
India, an<l of the Geological Museum, Calcutta, for the 
year 1885, by H. B. Medlicott. 

Report on the International Geological Congress of 
Berlin, by W, T. Blanford. 

Nfote on some Palaeozoic fossils recently collected by Dr. 
H. Warth, in the Olive group of the Salt-Range, by' 
W. Waagen. 

Memorandum on the correlation of the Indian and 
Australian coal-bearing beds, by R. D, Oldham. 

Afghan and Persian field notes, by 0. L. Griesbach. 

. Notes on the section from Simla to Wangtu, and on 
V the petrological character of the amphibolites and rpiartz- 
diorites of the Sutlej valley, by Colonel 0, A. McMahon. 

PaH 2 (out of print ).—Notes on the geology of parts of Bellary and 
Anantapur districts, by R. Bruce Foote. 

Geology of the Upper Dehing basin in the Singpho Hills, 
by T. H. D. La Touche. 

On the microscopic characters of some eruptive rocks 
from the Central Himalayas, by Colonel C. A. McMahon* 

Preliminary note on the Mammalia of the Karnul caves, 
by R, Lydekker. 

Memorandum on the prospects of finding coal in Western 
Rajputana, by R. D. Oldham. 

A note on the GHve group of the Salt-Range, by 
R. D. Oldham. 
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Memoranduin on the discussion regarding the bonlder- 
beds of the Palt-Eange, by H. B, Medlicott. 

Note on the Gond^vana homotaxis, by E. Lydekker. 

Pait S (ovt 0 /Geological sketch of 1 he Vizagapatam district. 
Madias, by W. King. 

Preliminary note on the geolog\ of Northern Jtsaljner, 
by Pi. D. Oldham. 

Notes on the microscopic structure of soire specimens of 
the Malani rocks of the Arvali region, bv Colonel 
C. A. McMahon. 

Memorandum on the Malanjkhandi copper oie. in the 
Balaghat district, Central Provinces, by W. King, 

Pa?t 4 {out of 'pTwt).'-TSQt^ on the occurrence of petroleum in India, 
by H. B, Medlicott. 

Eeport on the petroleum exploration at Khatan, by 
E. A. Townsend. 

Boring exploration in the Chhattisgarh coalfields, by 
W. King. 

Pield-notes from Afghanistan : (No. 3), Turkistan, 
by C. L. Griesbach. 

Notice of a fiery eruption from one of the mud volcanoes 
of Cheduba Island, Aiakan, by F. E. Mallet, 

Notice of the Nammianthal aerolite, by H. B. Medlicott. * 

Analysis of gold-dust from the Meza valley, Upper 
Burma, ])y E. Eoinanis. 

VoL. XX, 1887. 

Part 1 (out of pi\nt ),—Annual Eeport of the Geological Survey of 
India, and of the Geological Museum, Calcutta, for the 
year 1886, by H. B. Medlicott, 

Field-notes from Afghanistan: (No, 4), from Turkistan 
to India, by C. L. Griesbach. 

Physical geology of West British Gaihwal; with notes 
on a route traverse through Jaunsar Bawar and Tiri- 
Garhwal, by C. S. Middlemiss. 

Notes on the geology of the Garo Hills, by T. H. D. 
La Touche, • 

Note on some Indian image-stones, by Colonel C. A. 
McMahon. 

E 
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CAfAliOGUE OF PUBLICATIONS. 


On soundings recently taken off Barren Island and 
Narcondam, by Commander A. Carpenter. 

Note on a character of the Talchir boulder beds, by 
■ W. T. Blanford. 

Analysis of phosphatic nodules from the Ralt-Kange, 
Punjab, by H. Warth. 

Fart 2 [out of prini ).—The fossil vertebrata of India, by R. Lydekker. 

Note on the Echinoidea of the Cretaceous series of the 
Lower Narbada valley, with remarks upon their geological 
» age, by P. Martin Duncan. 

Field-notes: No. 5- -to accompany a geological sketch 
map of Afghanistan and North-Eastern Khorassan, by 
C. L. Griesbach. 

Notes on the microscopic structure of some specimens of 
. the Rajmahal and Deccan traps, by Colonel C. A. 
McMahon. 

Home notes on the dolerite of the Oh'or, by Colonel C. A. 
McMahon. 

On the identity of the Olive series in the east, with the 
speckled sandstone in the west, of the Salt-Range, in 
the Punjab, by H. Warth. 

Part 3 (out of> print ).—The retirement of Mr. Medlicott. 

Notice of J. B. Mushketoff's geology of Russian 
Turkistan. 

(Compiled from tramslation and notes of Professor 
F. Toula of Yienna, by C. L. Griesbach.) 

Crystalline and metaraorphic rocks of the Lower Hima¬ 
laya, Garhwal and Kumaun, Section I, by C. S. Mid- 
dlemiss. 

Preliminary sketch of the geology of Simla and Jutogh, 
by R. D. Oldham. 

Note on the “ Lalitpur ” meteorite, by F. R. Mallet. 

Part i (out of print ).—Note on some points in Himalayan geology, 
by R. D. Oldham. 

Crystalline and metamorphic rocks of the Lower 
Himalaya, Garhwal, and Kumaun, Section II, by C. S. 
Middlemiss. 

The iron industry of the western portion of the district 
of Raipur, by P. N. Bose. 

Notes on Upper Burma, by E. J. Jones. 
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Boling exploration in the Chhattisgarli coalfields (Second 
Notice), by W. King. 

Some remarks on pressure metamorphism ^th reference 
to the foliation of the Himalayan gneissose-granite, by 
Colonel C. A. McMahon. 

A list and index of papers on Himalayan geology 
and micioscopic petrology, by Colonel C. A. McMahon, 
published in the preceding volumes of the Records of the 
Geological Survey of India. 


VoL. XXI, 1888. 

Part 1 ,—Annual Report of the Geological Survey of India, and of 
the Geological Museum, Calcutta, for the year 1887, by 
W. King. 

Crystalline and metainorpliic rocks of the Lower 
Himalaya, (Jarhwal, and Kumaon, Section III, by C. S. 
Middlcmiss. 

The Birds-nest or Elephant Island. Mergni Archipelago, 
by Commander Alfred Carpenter. 

IVIemorandum on the result of an exploration of Jessal- 
mer. with a view to the discovery of Coal, by R. D. Oldham. 

A facetted pebble from the Boulder Bed Speckled 
Sandstone *') of Mount Chel in the Salt-Range in the 
Punjab, by H. Warth. 

Examination of nodular stones obtained by trawling 
off (\)loml)o, by E. J. Jones. 

Part 2 {out of print ).—Award of the Wollaston Gold Medal, Geological 
Society of London, 3888. 

The Dharwar system, the chief auriferous rock series 
in South India, by R. Bruce Foote. 

Notes on the igneous rocks of the districts of Raipur 
and Balaghat, Central Provinces, by P. N, Bose, 

Report on the Sangar Marg and Mehowgala coalfields, 
Kashmir, by T. H. D. La Touche. 

Part 3 {out of print ).—^The manganese-iron and manganese-ores of 
Jabalpur, by P. N. Bose. 

The Carboniferous Glacial Period by Oberbergrath 
Prof. Dr. W. Waagen. Translated by R. Bruce Foote* 

E 2 
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CATALOGUE OE PUBLICATIONS. 


The sequence and correlation of the pre-Tertiary sedi¬ 
mentary formations of the Simla region of the Lower 
Himalayas, by R. U. Oldham. 

Pa)t 4 {out of print ),—^Notes on Indian Fossil Vertebrates, by 
R. Lydekker. 

Some notes on the geology of the North-West Hima¬ 
layas, by R. D. Oldham. 

Note on blown-sand rock sculpture, by ll, D. Oldham. 

Re-discovery of Numnmlites in Zanskar, by T. H. D. 
La Touche. 

Notes on some mica-traps from Barakar and Rani- 
ganj, by P. N. Bose, 

VoL. XXII, 1889. 

Part 1 {out of print ),—Annual Report of the Geological Survey of 
India, and of the Geological Museum, Calcutta, for 
the year 1888, by W. King. 

The Dharwar system, the chief auriferous rock series 
in South India (continued), by R. Bruce Foote. 

Notes on the Wajra Karur Diamonds, and on 
M. Chaper’s alleged discovery of diamonds in pegmatite 
near that place, by R. Bruce Foote. 

On the generic position of the so-called Plesiomurus 
indicuH, by R. Lydekker. 

On flexible sandstone or itacolumite, with special 
reference to its nature and mode of occurrence in India, 
and the cause of its flexibility, by R. D. Oldham. 

, Notes on Siwalik and Narbada Chelonia, by R. Lydck^ 

ker. 

Part 2 {out of print ).—^Notc on Indian steatite, compiled by F.R, 
Maliett. 

Distorted pebbles in the Siwalik conglomerate, by 
C. S. Middlemiss. 

‘‘ The Carboniferous Glacial Period.” Further note by 
Dr. W. Waagen, on a letter from Mr. C. Derby, concern¬ 
ing traces of a Carboniferous Glacial Period in S. America, 
(Translated by E. C. Cotes.) 

Notes on Dr. W. Waagen’s Carboniferous Glacial 
Period”, by A, B. Wynne, and Ottokar Feistmantel, 
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Report on the oilfields of Twingoun^if and Beiiie, Burma, 
by Fritz Noetling. 

The gypsum of the Nehal Nadi, Kumaun, by C. S. 
Middleniiss. 

On some of the materials for pottery obtainable in 
the neighbourhood of Jabalpur, and of Umaria, by F. R. 
Mallet. 

Part 3 {out of print ),—Abstract report on the coal outcrops in the 
Sharigh valley, Baluchistan, by W. King. 

Note on the discovery of trilobitcs by Dr. H. Waxth 
in the neobolus beds of the Salt-Range, by AV. King* 

Geological notes, by C. L. Griesbach. 

Report on the (^herra Poonjee coalfield, in the Khasia 
Hills, by T. H. D. La Touche. 

Note on a cobaltiferous matt from Nepal, by E. J. 
Jones. 

The President of the Geological Society of London on 
Ihe International Geological Congress of 1888. 

Tin-mining in Mergui district, by T. W. H. Hughes. 

Part 4 {oyt of print ),—On the land-tortoises of the Siwaliks, by 
R. Lydekker. 

Note on the pelvis of a Ruminant from the Siwaliks, 
by R. Lydekker. 

Recent assays from the Sambhar salt lake in Raj- 
putana, by H. Warth. 

The manganiferous irt)n and niangaiiesc ores of Jabal¬ 
pur, by P N. Bose. , 

On some palagonite-bearing traps of the Rajmahal 
Hills, and Deccan, by C. S. Middlemiss. 

Notes on tin vsmelting in the Malay Peninsula, by 
T. W. H. Hughes. t 

Provisional index of the local distribution of important 
minerals, miscellaneous minerals, gem. stones, and quarry 
stones in the Indian Empire, by AV. King. 

Von. XXIII, 1890. 

Part 1 (out of print ),—Annual Report of the Geological Survey of 
India, and of the Geological Museum, Calcutta, for the 
year 1889, by AV. King, 
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CAa’ALOOrK OF PXnJLirATJONS. 


Kepoit on tho Lakadong coalfield, Jaiiitia HillSj bj 
T. H. D. Jja Touche. 

On the pectoral and pelvic girdles and skull of the Indian 
Diejnodonts, by U. Lydekker. 

Note on certain vertebrate remains from the Nagpur 
district, by K. Lydekker. (With description of a fish- 
skull, by A. Smith Woodward.) 

Crystalline and metaniorphic rocks of the Lower Hima¬ 
laya, t4arhwal and Kiimaun, Section IV, by i\ S. Mid- 
dleraiss. 

Note on the Bivalves oi the Olive-group, Salt-Range, 
by W. Waagen. 

Notes on the nmdbanks ot the Travaucore (’oast, by 
Philip Lake. 

Pari 2 {out of print), Si)eeial report on the most favourable sites 
for petroleum explorations in the Harnai district, Balu- 
cbistaii, l)y R, D, Oldham. 

The sapphire mines of Kashmir, by T. H. 1). La Touche. 

The supposed matrix of the diamond at Wajra Karur, 
Madras, by Philip Lake. 

Notes on the Sonapet goldfield, by Frit^: Noetling, 

Field notes from the Shan Hills (Upper Burma), by 
Fritz Noetling. 

X description of sotU’ts new species of Syringosphmridse, 
with remarks upon their structures, etc., by P. Martin 
Duncan. 

Part 3 {out of print). -Report on the geology and economic resources 
of the country adjoining the Sind-Pishin Railway between 
Sharigh and Spintangi, and of tlie country Ixdween it 
and KhatLin, by R. D. Oldham. 

Report of a journey through India in the winter of 
* ]888-89, by Dr. Johannes Walther* (Translated from the 
German, by R. Bruce Foote.) 

Report on the coalfields of Lairungao, Maosandram, 

, and Mao-be-lar-kar, in the Khasi Hills, by T, H. D, 
La Touche. 

Further note on Indian steatite, by J. R. Eoyle, 

Provisional index of the local distribution of important 
minerals, miscellaneous minerals, gem stones, and quarry 
stones in the Indian Empire, by W. King, 
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Part 4 {out of Geological sketch of Naini Tal; with some 

remarks on the natural conditions governing mountaini 
slopes, by 0. S. Middlemiss. 

Note on some fossil Indian bird bones, by E Lydekker. 

The Darjiling coal between -the Lisu and the Ramthi 
rivers, explored during season 1889-90, by P. N. Bose. 

The basic eiuptive rocks of the Kadapah area, by 
Philip Lake. 

The deep bormg at Lucknow, by R. D. Oldham. 

Preliminary note on the coal seam of the Dore ravine, 
Hazara, by C. S. Middlemiss. 

VoL. XXIV, 1891. 

Part J {out oj print ),—Annual Report of the Geological Survey of 
India, and of the Geological Museum, Calcutta, for the 
year 1890, by W. King. 

Notes on the geology of the Salt Range of the Panjab, 
with a re-considered theory of the origin and age of 
the Salt Marl, by C. S. Middlemiss. 

On veins of graphite in decomposed gneiss (laterite) 
in Ceylon by Dr. Johannes Walther. (Translated by 
R. B. Foote.) 

Extracts from the journal of a trip to the glaciers of 
the Kahru, Pandim, etc., by P, N. Bose. 

The salts of the Sambhar Lake in Rajputana, and of 
the saline efflorescence called - Reh' from Aligarh in the 
N.-W. Provinces, by H. Warth. 

Analysis of dolomite from the Salt Range, Punjab, by 
H. Warth. 

Part 2 {out of print ),—Preliminary report on the oil locality near 
Moghal Kot, in the Sherani country, Suleiman Hills, 
by R. D. Oldham. 

On mineral oil from the Suleiman Hills, by T. H. 
Holland. 

Note on the geology of the Lushai Hills, by T. H. D. 
La Touche. 

Report on the coalfields in the Northern Shan States, 
by Fritz Noetling. 

Note on the reported Nams4ba ruby-mine in the Main- 
glon State, by Fritz Noetling. 
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Note on the tourmaline (schorl) mines in the Mainglon 
State, Fritz Noetling. 

Note on a salt spring near Bawgyo, Thibaw State, 
by Fritz Noetling. 

PaH o {out of print). Boring exploration in the Daltongunj coal¬ 
field, Palamow, by T. H. D. La Touche. 

Death of Dr. P. Martin Duncan. M.B. (London), 
F.R.S.. F.L.S., F.G.S., etc., by W. King, 

Contributions to the study of the pyroxenic varieties of 
gneiss and of the scapolite-bearing rocks, by M. Al, 
Lacroix.--Ceylon and Salem. (Translated by F. R. Mal¬ 
let.) 

Part I {out of ptint). On a collection of mammalian bones from 
Mongolia, by R. Lydekker. 

Further not<^ on the Darjiling (*oal exploration, by 
P. N. Bose. 

Note on the geology and mineral resource's of Sikkim, 
by P. N. Bose, 

Chemical and jihysical notes on rocks from the Salt 
Range, Punjab, by T. H. Holland. 

\^()j.. XXV, 1892. 

Part J {out of print). Annual Report of the Geological Survey of 
India, and of the (Teological Museum, Calcutta, for the 
year 1891, by W. King. 

Report on the geology of Tlial (diotiali and part of the 
Mari country, by R. D. Ohlhain. 

Petrologi(*al notes on the l)oulder-bed of the Salt Range, 
Panjab, by C. S. Middlemiss. 

Subrecent and recent deposits of the valley pains of 
(Quetta, Pisliin and the Dasht-i-Bedaolat; with appendices 
on the (^hamans of Quetta: and the Artesian water sup¬ 
ply of Quefta and Pisliin, by R. 1). Oldham. 

Part 2 {o%it of print ).—The geology of the Safed Koh, by C. L. 
Griesbach. 

Report on a smvev of the Jherria coalfield, by Thomas 
H. Ward. 

Part 3 {out of print).—Note on the locality of Indian tscheffkinite, 
by F. R. Mallet. 



EECORD8. 


69 


Geological sketch of the country north of Bhamo, by 
C. L. Giiesbach. 

Preliminary report on the economic resources of the 
aml)er and jade mines area in Upper Burma, by Fritz 
Noetling. 

Preliminary report on the iron-ores and iron-industries 
of the Salem district, by T. H. Holland. 

On the occurrences of riel)eckite in India, by T. H, 
Holland. 

Coal on the Great Tenasserim river, Mergui district, 
Lo'wer Burma, by T. \V. H. Hughes. 

Part 4 {ovt of print)— Ropovi: on the oil springs at Moghal Kotin 
the Shirani Hills, by T. H. D. La Touche. 

Second note on mineral oil from the Suleiman Hills, by 
T.H. Holland. 

On a new fossil, amber-like 3‘esin occurring in Burma, 
by Dr. Otto H(‘lm, of Danzig. (Translated by T. H. 
Holland.) 

Preliminaiy notice on the Triassic deposits of the Salt 
Pange, ])y W, Waagen. 

VoL. XXVI, 1893. 

Pan 1 (out of print) - Annual Report of the Geological Survey of 
India, and of the Geological Museum, Calcutta, for the 
year 1892, by W. King. 

Notes on the Central Himalayas, by C. L. Griesbach, 

Note on the oceurren<‘e of jadeite in Upper Burma, by 
Fritz Noetling. 

On the occurrence of Burmite, a new fossil resin from 
Upper Burma, by Fritz Noetling. 

Report on the prospecting operations, Mergui district, 
1891-92, l)y T. "W. H. Hughes. 

Part 2 (out of print) - -Notes on the earthquake in Baluchistan on 
the 20th December 1892, by C. L. Griesbach. 

Further note on burmite, a new amber-like fossil resin 
from Upper Burma, by Dr. Otto Helm of Danzig. 
(Translated from the German by Professor Briihl.) 

Note on the alluvial deposits and subterranean water- 
supply of Rangoon, by B. D.* Oldham. 
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Part 3 (out of print) - Geology of the Slieram Hills, by T. H, D. La 
Touche. 

Carboniferous fossils from Timusserini, by Fritz 
Noetling. 

On a deep boring at (^handernagore, by IL U. 
Oldham^. 

Note on granite in the districts of Tavoy and Mergui, 
by P. N. Bose. 

Part 4 (out of print). —On the geology of the country between the 
Chappar Eift and Harnai in Baluchistan, by C, L. Griesbach, 

Notes on the geology of a part of the Tenasserim valley 
with special reference to the Tandau-Kamapying coalfield, 
by P, N. Bose. 

On a magnetite from the Madras Presidency containing 
manganese and alumina, by T. H. Holland. 

On Hislopite (Haughton), by T. H. Holland. 

VoL. XXVll, 1894. 

Part 1 (out of print).- Annual Keport of the (Tfoological Survey of 
India, and of the Geological Museum, Calcutta, for the 
year 1893, by W. King. 

Report on the Bhaganwala coalfield. Salt Kange, Punjab, 
by T. H. D. La Touche. 

Part 2 (out of pnnt). —Note on the chemical ijualities of petroleum 
from Burma, by Professor Dr. Engler (Karlsruhe). (Trans¬ 
lated by Fritz Noetling.) 

Note on the Siiigareni coalfield, Hyderabad (Deccan), 
by Walter Saise. 

Report on the Gohna landslip, Garhwal, by T. H. 
Holland. 

Part 3 (out of print).- On the (Umbrian formation of the Eastern 
Salt Range, by Fritz Noetling. 

The Giridih (Karharbari) coalfield, with notes on the 
labour and methods of working coal, by Walter Saise. 

On the occurrence of chipped (?) flints in the Upper 
Miocene of Burma, by Fritz Noetling. 

.Note on the occurrence of Velates sckmideliana Chemn.. 
and Provehtes grandis Sow. sp., in the Tertiary forma¬ 
tion of India ♦and Burma, by Fritz Noetling. 
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Part 4 {o\i1 of -Note on the geology of Wiintho in Upper 

Burma, by Fritz Noetling. 

Preliminary notice on the Echinoids from the Upper 
Cretaceous system of Baluchistan, by Fritz Noetling. 

On highly phosphatie mica-peridotites intrusive in the 
Lower CTondwana rocks of Bengal, by T. H. Holland. 

On a mica-hypersthene-hornblende-peridotite in Bengal, 
by T. H. Holland. 

Von. XXVIII, 1895. 

Part 1 —Annual Report of the Geological Survey of India, and 
of th(' Geological Museum, Calcutta, for the year 1894, 
by V, L. Grie&bach. 

The Cretaceous formation of Pondicherry by H. Warth. 

S6me early allusions to Barren Island; with a few 
remarks thereon, by F. R, Mallet. 

Bibliography of Barren Island and Narcondam, from 
1884- to 1894; with some remarks, by F. R. Mallet. 

Part 2 {on! of print) — On the importance of the Cretaceous rocks 
ot Southern India in estimating the geographical condi¬ 
tions during later cretaceous times, by Franz Kossmat. 

Report on the experimental boring for petroleum at 
Sukkur, from October 1893 to March 1895, by T. H. D. 
Ija Touche. 

The development and sub-division of the Tertiary system 
in Burma, by Fritz Noetling. 

Notes from the Geological Survey of India, by C. L. 
Griesbach. 

Part 3 (onf of print).—On the jadeito and other rocks from Tammaw 
in Upper Burma, by Max Bauer. (Translated by 
F. Noetling and H. H. Hayden.) 

On the geology of the Tochi valley, by F. H. Smith. 

On the existence of Lower Gondwanas in Argentina, by 
F. Kurtz. (Translated by John Gillespie.) 

Notes from the Geological Survey of India, by C. L. 
Griesbach, 

Part 4 (o?/f of print ).—On the igneous rocks of the Giridih (Kurhux- 
baree) coalfield and their contact effects, by T. H. Holland 
and Walter Saise. 
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On some outliers of the Viudhyan system fcSouth of 
the Kone and their rehi^ion to the so-called Lower Vindhy- 
ans, by R. I). Oldham. 

Notes on a portion of the Lower Vimlbyan area of the 
Hone valley, by P. N. Datta. 

Note on Dr. Fritz Noetliug’s paper on the Tertiary 
isystem in Burma, in the Records of the Geological Survey 
of India, for 1895, Part 2, by W. Theol)ald. 

Notes from the Geological Survey of India, by 0. ]j. 
Griesba(‘h. 


VoL. XXIX, 189b. 

Pad 1 {<n(( o/ pruU). Annual Report of the G<'ologi<*al Survey of 
India, and of the (ioological Musemn, (^dcutta, for the 
year 1895, by i\ L. (Triesb«n<*b. 

On the a<*icular inclusions in Indian garnets, by 
T. H. Holland. 

On the origin and growth of garnets an<l of their inioropeg- 
nxatitic intergrowths in pyroxenii’ rocks, by T. H. Holland. 

Part 2 {out oj pnnt), -Notes on the ultra-basic rocks and derived 
minerals of the chalk (magnesite) hills and otlier localities 
near Salem, Madras, by S. JVliddleiniss. 

Preliminary notes on some corundum localities in the 
Halcm and (^oimbatore districts, Madras, ])y (J. H. 
Middlemiss. 

On the occurrence of blue (‘orundum and kyanite in 
the Manbhuni district, Bengal, by H. Warth. 

On the papers by Dr. Kossinat, and Dr, Kuriz, and on 
the ancient geography of ‘‘ Gonilwana-land ", by VV. T. 
BJanford, 

Notes trom the Geologicsal Survey of India, by 0, L. 
(h'iesbach. 

Part 3 (out of pnut). On some igneous rocks from the Tochi valley, 
by H. H. Hay<len. 

Notes from the Geological Survey of India, by R. D. 
Oldham. 

Part i (out of print ).—Report on the steatite mines, Minbu district, 
Burma, by H. H. Hayden. 

Further notes on the Lower Vindhyan (Sub-Kaimur) 
area of the Sone valley, Rew^ah, by P. N. Datta. 
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Notes from the Geological Survey of India, by R. D. 
Oldham. 


VoL. XXX, 1897: 

Part 1 {oyf of prihf).—Annual Eeport of the Geological Survey of 
India, and of the Geological Museum, Calcutta, for the 
year 1896, by K. D. Oldham. 

On some norite and associated basic dykes and lava- 
flows in Southern India, by T. H. Holland. 

The reference of the genus Yerfehraria, by M. R. Zeiller. 
(Translated by E. Vredenburg.) 

On a plant of Glossopteris with part of the rhizome 
attached, and on the structure of Vertebraria, by R. D. 

, Oldham. 

Part 2 ,—The Cretaceous deposits of Pondicherri, by Franz Kossmat. 

(Translated by Arthur H. Foord, and Mrs. A. H. Foord.) 

Notes from the Geological Survey of India, by R. D, 
Oldliam. 

Part 3 (oat of print).- Note on flow-structure in an Igneous dyke, 
by' T. H. Holland. 

Additional note on the olivine-norite dykes at Coonoor, 
Nilgiri Hills, by T. H. Holland. 

Report on some trial excavationvs for corundum near 
Palalcod, Salem district, by C. S. Middlemiss. 

Report on the occurrence of coal at Palana village 
in Bikanir State, by T. H. D. La Touche. 

An a(‘Count of the geological specimens collected by 
th<‘ Afghan-Baluch Boundary Commission ot 1896, by 
T. H. Holland. 

Notes from tlie Geological Survey of India, by R. D. 
Oldham. 

Part 4 {out of print).—On nemalite from Afghanistan, by F. R. 
Mallet. 

On a quartz-barytes rock occurring in the Salem district, 
Madras Presidency, by T. H. HoUand. 

Note on a worn femur of Hippopotamus irramdicus 
Caut. and Falc. from the Lower Pliocene of Burma, by 
Fritz Noetlipg. 

On the supposed coal at Jaintia, Buxa Duars, by 
H. H. Hayden. 
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Percussion figures on Micas, by T. L. Walker. 
Notes from the Geological Survey oC India, by K. D. 
Oldham. 


VoL. XXXI, 1904. 

Part 1 {out of print ).—On a deposit of copper ore near Komai, 
Darjiling district, by H. H, Hayden. 

Note on the Zcwan beds in the Vihi district, Kashinir, 
by H. D. Oldham. 

Report on the coal deposits of Isa Khel, Mianv\ali, 
Punjab, by E. R. Simpson, 

Report on the Um-Rileng coal-bedvS, Assam, by P. N. 
Bose. 

Note on a sapphirine-bearing rock from Vizagapatam 
district, by 0. S. Middleiniss. 

Miscellaneous Notes: - 

Tin-ore and gadolinite in Palanpur, by T, H. Holland. 

Tin-ore in Burma, by T, H. Holland. 

Elaeolite and sodalite-syenites in Eishengarh fStato, 
by B. Vredenburg. 

Gem sands from C^eylon, by E. Vredenburg. 

Gem sands from Burma, by E. Vredenburg, 

Prehnite in Las Bela, by E. Vredenburg. 

(Vetaeeous fossils from Persia, l)y Guy E. Pilgrim. 

Ancient kitchen-midden in the Andamans, by T. H, 
Holland. 

Note on the supposed locjality '' Sulgraneos whence 
Dr. J. E, Gray’s type-specimens of Indian Juriissic Am¬ 
monites were said to have been obtained, by W. T. Blanford. 

Selection from assays and determinations made in the 
laboratory, by T. H. Holland. 

Part 2 (out of print).- -Lieut.-General C. A. McMahon, E.R.S., by 
T. H. Holland. 

Note on Cydohhm Haydeni, Diener, by C. Diener, 

The auriferous occurrences of Chota Nagpur, Bengal, 
by J. Malcolm Maclaren. 

On the feasibility of. introducing modern methods of 
coke-making at the East Indian Railway Collieries, by 
T. H. Ward. 
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Miscellaneous Notes:— 

Fossil bones in tlie Godavari alluvium, hy T, H, 
Holland. 

Fossils from the Yenangyoung oilfield, Burma, by 
Guy E. Pilgrim. 

Assays of Jianiganj coals, by T. H. Holland. 

Ancient kitchen-midden in the Andamans, by T, H. 
Holland. 

An instance of titaniferous iron-ore formerly smelted 
in native furnaces, by E. Vredenburg. 

Discovery of thenardite at Didwana, Rajputana, by 
B. Vredenbmg. 

Discovery of cancrinite in Kishengarh, by E, Vreden¬ 
burg. 

PaH 3 (oat of pmit), - The Upper Palseozoic formations of Eurasia, 

• by Th. Tschernyschew. (Translated by P. Briihl.) 

Note on the glaciation and history of the Sind valley, 
Kashmir, by R. D. Oldham. 

On the occurrence of a species of Halorites in the 
Trias of Baluchistan, by E. Vredenburg. 

Notes on the geology and mineral resources of Mayur- 
bhanj, l)y P. N. Bose. 

Miscellaneous Notes: - 

Pyrrhotite from the Kirana Hills, Punjab, by 

E. Vredenburg. 

Vivianite in the alluvium of Bengal, by E. Verdenburg. 

Recent or sub-recent marine bed in Calcutta, by 

E. Vredenburg, 

Pleistocene fossils from the Ganges alluvium, by Guy E. 
Pilgrim. 

Part 4 (out of print).- Tlie geology of Upper Assam, by J, Malcolm 
Maclaren. , 

The auriferoUvS occurrences of Assam, by J. Malcolm 
Maclaren. 

On a curious occurrence of scapolitc from the Madras 
Presidency, by E. Vredenburg. 

Miscellaneous Notes:— 

A new form of blue amphibole from Central India, 
by L. L, Fermor. 
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An unusual o(*eurronce of common salt, by L. L. 
Formor. 

Assays of coal and coke from tlie flhcrria and Rani- 
ganj fields, by T. H. Holland. 


VoL. XXXll, 1905. 

Part 7.—Review of the Mineral Production of India during the 
years 1898 to 1903, by T. H. Holland, 

Part 2 (o^if of print) - General Report of the Geological KSurvey of 
India for the period April 1903 1o December 1904, 
by T. H. Holland. 

Preliminary note on the geology of the Provinc(\s of 
Tsang and U in Tibet, by H. H. Hayden. 

The occurrence* of bauxite in India, by T. H. Holland. 
Miscellaneous Notes 

Imports and exports of mineral products during 1904, 
by T. H. Holland. 

Part 3 {out of print). Notes on an Antliracolithic fauna from the 
mouth of the Subansiri Gorge, Assam, by i\ Diener. 

On the occurrence of Elepha antiques (namadicMs) in 
the Godavari alluvium, with remarks on the species, its 
distribution, and the age of the associated Indian deposits, 
by Guy E. Pilgrim. 

The Triassic fauna of the Tropites-limestone of Byans, 
by C. Diener. 

On the occurrence of amblygonite in Kashmir, bv 
E. R. Mallet. 

Miscellanooiis Notes: 

The Kangra earthquake of the 4th April 1905, by 
C, S. Middlemiss. 

An unusual form of selenite from tlie Pachpadra salt- 
source, Jodhpur, Rajputana, by L. L. Eermor. 

Part 4 .—Obituary Notices of H. B. Meddlicott, M.A., E.R.R., and 
W. T. Blanford, A.R.kS.M., LL.D., C.I.E., F.R.S, 

Preliminary account of the Kangra earthquake of 4th 
April 1905, by C, S. Middlemiss. 

VoL. XXXIII, 1906. 

Part 1 {out of print ),—The Mineral Production of India during 1904, 
by T. H. Holland. 
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Pleistocene movement as indicated by irregularitie® 
of gradient of tlie Narbada and other rivers in the? 
Indian Peninsula, by E. Vredenburg. 

On recent changes in the course of the Nam-tu river. 
Northern Shan States, ])y T. H. D. La Touche. 

Note on the natuial bridge in the tiokteik gorge, by 
T. H. D, La Touche. 

Notes on the geology and mineral resources of the 
Narnuul district (Patiala State), by P. N. Bose. 
Miscellan(‘ous Notes- 

Fluorite in quartz-porphyry from Sleemanabad, Jub- 
bnlpure district, by L. L. Fermor. 

Part i? {oal of pnaf), Oeneral Report of the Geological Simvey of 
India for the year 1905, by T. H. Holland. 

Tlie bashio coallield, Northern Shan States, by T. H. D. 
La Touchi' and K. R. Simpson. 

The Nanima, Man-sang' and Slan-se-le coalfields. 
North(‘rn Shan Slates, Burma, l>y R. R. Simpson. 
Miscellaiu^ous Notes : — 

Fossils of the Irrawaddy series from Rangoon, by 
Guy E. Pilgrim. 

Part 3 {oxil of print ),—^Notes on the petrology and manganese-ore 
deposits of tlie Sgusar Tahsil, Ohhindwara district, Central 
Provinces, by L. L. Fermor. 

Notes on the geology of parts of the valley of the 
Kanhan river in the Nagpur and Ohhindwara districts, 
Ocmtral Provinces, by P. N. Batta. 

On manganite from the Sandur Hills, by L. L. Fermor. 
Miscellaneous Notes: ~ 

Note on the occurrence of gypsum in the Vindhyan 
series at Satna, by L. L. Fermor. 

Or(‘s of antimony, copper and lead from the Northern 
Shan States, by L. L. Fermor. 

Gems from the Tinnevelli district, Madras^ by L. L. 
Fermor. 

Cassiterite-granulite from the Hazarihagh district, 

Bengal, by L. L. Fermor. ^ 

Imports and exports of mineral products during 1905, 
by T. a HoHand. 
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Part 2 (out of priaf).- -Notcvs on some Indian <ioroliteK, hy L. Ij. 
Fernior. 

Noto on tho bvino-woll at Bnwgyo, Northern Slum 
States, ])y T. H. D. La Tonelie. 

Eeport on the gol<l-]>earin^ depowitw of* IjoI Twaiur, 
Shan States, Burma, by T. H. D. La Touclu^ 

Note on the occurrence of P////,sy/ PnH,^rpii in the 
Maestrichtian strata of Baluchistan, by R. Vj'edeubiirij:. 

Miscellaneous Notes : 

Further note on the Trias of Lower Burma anti on tlu^ 
occurrcTKie of Cardifa Beaumonfi crArch. in Lowtn* Burma, 
by 0. H. Tipptn*, 

Fossils in tlie ITppor Miocent^ of tlu‘ Vtnuin^yauiig 
oilfield, np])er Burma, by B. If. Pas(M>e. 

Note on a cranium of BoHidapfua^ aaihudieus Ivutim. 
from th<* Narbada Plei.slocoju* ^o‘a,vels of Jabalpur, by 
Buy.R. Pilgrim. 

Part o —preliminary survey of certain glata'ers in tlu^ Nortli- 

West Himalaya, by Ollicers of tht' (h‘<)logi(‘a,l Survt'V 

of India. 

A ,—Notes on certain glaciers in the NorthAVesI 

Kashmir, t by H. H. Hayden. 

Part 4 ,—^A prtdiminary survey of certain glaciers in tlu‘ North- 

West Himalaya, by Officers of the (}(‘ological Surv(\y 

of India {(mfinved). 

if* "Notes on (‘ertain glaciers in Lahaul, by 11. Walktu*, 
and K. H. Posct)o. 

* (?.—Notes on certain glaciers in Kumaon, by (L tie 

P, Cotter, and J. Ooggiu Brown. 

VoL* XXXVl, 1907-08. 

Part 1 {out of print).- Petrological study of some rocks from tin*. 

Hill Tracts, Vizagapatam district, Madras Prtssithmcy, 
by T. L. Walker, and W. H. Collins* 

Nepheline syenites from the Hill Tracts of Vizaga- 

patam district, Madras Presidency, by T. L. Walker. 

The stratigraphical position of the Gangainoptcris beds 
of Kashmir, by H. H. Hayden. 

On a volcanic outburst of late Tertiary age in South 
Hsenwi, N. Shan States, by T. H. D. La Touche* 
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Description of some new Suidse from tlie Bugti Hills, 
Baluchistan, by Guy E. Pilgrim. 

Permo-Carboniferous plants from Kashmir, by A. C. 
Seward. 

Part 2 [out of 'print ).—The Mineral Production of India during 190G, 
by T. H. Holland. 

The ammonites of the Bagh beds, by E. Vredenbarg. 
Miscellaneous Notes:— 

A Bituminous Limestone from the Vinclhvan series, 
Jodhpur State, by L. L. Fermor. 

Wavellite from the Singhbhum district, Bengal, by L, 
L. Fermor. 

Corundum from the Singhbhum district, Bengal by 
L, L. Fermor. 

Apatite-magnetite-rock from the Singlxbhuni district, 
Bengal, by L. L. Fermor. 

Note on the occurrence of orpiment on the Shankalpa 
glacier, Kumaon, by G. de P. Cotter ^nd J. Coggin 
. Brown. 

Note on the Tatkan area: blocks 21-26-N, Yenangy- 
aung, by G. de P. Cotter. 

Fossils from the Miocene of Burma, by G. de P. 
Cotter. 

Some Triassic Ammonites from Baluchistan, by 6. H. 
Tipper. 

Part 3 (out of print).—Mmne fossils in the Yenangyauhg oilfield, 
Upper Burma, by E. H. Pascoe. 

On the occurrence of Freshwater Shells of the genus 
Batiasa in the Yonangyaung oilfield. Upper Burma, by 
E. H. Pascoe. 

On a new species of Dendrophyllia from the Upper 
Miocene of Burma, by E. H. Pascoe, and G. de P. Cotter. 

The structure and age of the Taungtha Hills, Myingyan 
district, Upper Burma, by G. de P. Cotter. 

Note on some fossils from the Sedimentary rocks of 
Oman (Arabia), by C, Diener, 

Eubies in the Kachin Hills, Upper Burma, by A. W. G. 
Bleeck. 

The Cretaceous Orbitoides of India, by E. Vredem 
burg. 
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Two Oalcntl.i oarfliquakes of 1U()(>, by 0. 8. 
Mkldlomiss. 

Mi&cellancoiis Notes:— 

Note on barytes ocenrrin" at Narravada, Nelloiv district 
by H. Cecil Jones. 

Memorandum on tbe tourmaline mines of Maiiuinin. 
by B. 0. S. George. 

Nitm7nuli(L')i Vredenbui'gi Prever, nom. miit., by E. 
Vredenbtirg. 

Additional note concerning a previous notice on " The 
Ammonites of the Baghbeds”, pages 109 to 12.'> of 
present volume, by E. Vredenburg. 

Fart 4 {out oj print). —^Pseudo-ftxcoids from the Pab sandstones at 
Port Munro, and from the. Vindhyan series, by E. 
Vredenburg. 

Jadeite in the Kachin Hills, Upper Burma, by A. 
W. G. Bleeck. 

The Wetchok-Yedwet Pegu outcrop, Magwe district. 
Upper Burma, by B. H. Pascoe. 

Note on a group of manganatcs, comprising hollandite, 
psilomelane, and coronadite, by L. L. Permor. 

Note on an occurrence of wolfram in the Nagpur 
district, Central Provinces, by L. L. Permor. 

Miscellaneous Notes;— 

Note on an occurrence of alum at Moriuugao, by E, 
L. Permor. 

Occurrence of the genus OrbiloUrM in India and Jh>rsia, 
by E. Vredenburg. 

Preliminary note on the geological ago of the coal at 
Palana in Bikanir, Rajputana, by E. Vredenburg. 

Preliminary note on the Indian oc(Jurrence of (h‘frm 
umliicostata, Deshayes, and other ribbed species of ihlrea. 
by E. Vredenburg. 

Considerations regarding the age of the Ouddalore 
series, by E. Vredenburg. 

Note on the qumrying of corundum (mawsliinrut) in the 
N, W. Ehasi Hills, by F. E. Jackson. 
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VoL. XXXVII, 1908-09. 

1 (oitf oj j7nnf),~GenoTSi] Report of tlie Greoiogical Survev of 
India for 1]if‘ rear 3907, by T. H. Holland. 

The Alineiul Pi^oduction of India during 1907, by 
T. H. Holland. 

On the occurrence of striated Boulders in the Blaini 
formation of Simla, with a discussion of the geological 
age of the beds, by T. H. Holland. 

' Miscellaneous Notes :— 

Note on Jurassic and Triassic fossils from Nepal, by 
T. H. Holland. 

Fart 2 (oaf of frint ),—The Tertiary and Post-Tertiary freshwater 
deposits of Baluchistan and Sind, with notices of new 
vertebrates, by Guy E. Pilgrim.^ 

Notes ^on the geology and mineral resources of the 
Rajpipla State, by P. N. Bose. 

Report on the suitability of the sands occurring in the 
Rajmahal Hills, for glass manufacture, by Murray Stuart. 

Three new manganese-bearing minerals :—vredenburgite, 
sitaparite and juddite, by L. L. Fermor. 

Report on laterites from the Central Provinces, by 
Wyndham R. Dunstan. 

Miscellaneous Notes:— 

Hunza and Naga glaciers, by H. F. Bridges. 

Second note on a Recent estuarine deposit below Clive 
Street, Calcutta, by N. Annandale. 

Growth of alunogen crystals on a meteorite, by Murray 
Stuart. 

Fart 3 (oat of prhif ).—The southern part of the Gwegyo Hills, 
inclixding the Payagyigon-Ngashandaung oilfield, by G. 
(le P. Cotter. 

The silver-lead mines of Bawdwin, Northern Shan 
States, by T. H. D. La Touche, and J. Coggin Brown. 

Recent accounts of the mud volcanoes of the Arakan 
Coast, Burma, by J. Coggin Brown. 

Part 4 .—Gypsum deposits in the Hamirpur district, United Pro¬ 
vinces, by T. H. t). La Touche. 

Gk>ndwanas and related marine-sedimentary systems of 
Kashmir, by C. S. Middlemiss. ‘ 
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Miscellaneous Notes:— 

Thermal springs in the Rajmahal Hills, by H. H. 
Hayden. 


VoL. XXXVril, 

Fcut i.—General Heport of the Geological Survey of Ihdia for the 
year 1908, by Sir Thomas H. Holland. 

The Mineral Production of India during 1908, by Sir 
Thomas H. Holland. 

Pent 2 (out of p'hit). —On the occurrence of (htmi lalimenffinala, a 
chara(*toristic Gaj species, in the '' Yemangyaung Stage 
of Burma, by K Vreden})urg. 

China-clay and hre-eday de])OHits in the Rajniahal Hills, 
* f)y Murray Stiujrt 

The occurr(‘nc(‘ of coal at (Jilhurria^ in the liajnpihal 
Hills, by Murray Stuart, 

Note on a Pegu inlier at Oudwv, Magwe district, 
Upper Burma, by K. H. Pasco(\ 

The origin of the salt deposits of Rajputana, by Sir 
Thomas H. Holland, and W. A. K. Christie. 

Miscellaneous Notes : - - 

Corrective note on the fossil described under the provi¬ 
sional name Twingonia fi*om the Pegu beds 

Miocene ”) of Burma, by K. H. Pascoe. 

Part o.--{oul of pnxf). Report on the geology of KSarawan, 
Jlialawan, Mekran and the Btat(' of Las B(*la, couvsidered 
principally from the point* of view of ec‘oaorni(‘ develop¬ 
ment, by E. Vredenburg. 

Note on a Hippurite-bearing limestone in Seistau and 
on th(‘ geology of th(‘ adjoining region, by E. Vn^den- 
burg. 

Fusulinidso from Afghsjj»nistan, by H. 11, Hayden. 

Miscellaneous Notes 

Oil at Jaba, Mianwali district, Punjab, by N. D. Daru. 

Pari Geology and prospects of oil in Western Prome and Kama, 
Lower Burma (including Namayan, Padaung, Taungbogyi 
and Ziaing), by Murray Stuart. 

The recorrelation, of the Pegu system in Burma with 
notes on the hori2;«f>n of the oil-bearing strata (including 
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the geology of Padaiikpin, Banbyin and Aukmanein, by 
Murray Stuart. 

Fossil iish teeth from the Pegu system, Burma by 
Murray Stuart. 

The northern part of the Yenangyat oilfielcb by G. de 
P. Cotter. 

On some iron-ores of Chanda, Central Provinces, by 
P. N. Datta. 

The geology of the Aden Hinterland, by Captain E. E. 
Lloyd. 

Petrological notes on the rocks collected by Captain 
R. E. Lloyd near Aden, by E. Vredenburg. 

Notes on Upper Jurassic fossils collected by Captain 

K. E. Lloyd near Aden, by G. H. Tipper. 

Miscellaneous Notes:— 

Note on the occurrence of Sanaarskite in South India, 
hy G. H. Tipper. 

VoL. XXXTX, 1910. 

Quinquennial Review of the Mineral Production of India during the 
years 1904 to 1008, by Sir Thomas H. Holland, and L. 

L. Fermor {oiU of pnni), 

VoL. XL, 1910. 

Part h —Pre-Carboniferous life-provinces, by F. R. Cowper Reed. 

Lakes of the Salt Range in the Punjab, by T. H. D. 
I.a Touche. 

A preliminary survey of certain glaciers in the Hima¬ 
laya, by Officers of the Geological Survey of India 

{continued from Records, Volume XXXV, Part 4). D.— 
Notes on certain glaciers in Sikkim, by T. H. B. La 

Touche. 

Notices of new Mammalian genera and species from 

the Tertiaries of India, by Guy E. Pilgrim. 

Pait 2 {out of print)--QeueTBl Report of the Geological Survey of 
India for the year 1909, by T. H. B. La Touche. 

The Mineral Production of India during 1909, by 

T. H. B. La Touche. 

Part 3.—Preliminary note on a revised classification of the Tertiary 
freshwater deposits of India, by Guy E. Pilgrim. 
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A Tovision of the Sihirian-TriavS sequence in Kashmir 
by C S. Midcilemiss. 

Note on the discovery by Mr. Mi<l(ll(‘uiiss of h\‘nest(‘lla’' 
beating beds in Kashmir, by U. JH. iraydcn. 

Ptut 4 {nut oj print)—Xhim shale and alum ina}mfa(‘tiu‘e ai an<l imn 
Kalabagh, Mianwali district, Punjab, by N. 1). Dam, 
Some coalfields in North-Eastern Assam, by H. 11. 
Hayden. 

The sedimentary deposition of oil, by MuiTay Rtuai't. 
Miscellaneous Notes:— 

Manganese-ore in Bilaspur district, Central Provinces, 
by L. L. Fermor. 

Calcareous concretions in Jharia coal, by 0. H. Tipper. 
Cretaceous marine beds in the neighbourhood of 
Tanjore, by E. Vredenburg. 

The Hassanabad glacier in Hunza, by H. Ef. Haythm. . 
Notes on the Mechoi glacier, by Kenneth Mason. 
Notes on some Kashmir glaciers, by T. H. D. 
La Touche. 


VoL. XLL 1911-12. 

Part J .—On the age and continuation in depth of the ihanganese-ort^s 
of the Nagpur-Balaghat area, Central Provinces, l)y L. 
L. Fermor. 

Notes on the manganese-ore deposits of the (hingpiir 
State, Bengal, and on the distribution of tli(‘ (Sondite 
series in India, by L L. Fermor. 

The Baluchistan earthquake of the 21 si Ocloix'r 1909, 
by A. M. Heron. 

On the identity of O^tmt pwnwni^in Notdling from the 
Pegu system of Burma and (hlrm (HqituUnn Eichwald 
from the Miocene of Europe, l)y E. Vredenburg, 

Mr. T. R. Blyth, hy H. H.‘ Hayden. 

Miscellaneous Notes- 

Note on braunite crystals from some new localities, 
by Tj. L, Fermor. 

Note on an e-'judation on coal from Mohpani, C. by 
G. H. Tipper. • 

Rectification of nomenclature: Noetluigaster, nom. mut., 
by B. Vredenburg^ 
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Pmf ?.—General Report of tlie Geological Survey of India for the 
year 1910, by H. H. Hayden. 

Devonian fossils from Cbitial, Persia, Afghanistan and 
the Himalayas, by F. R. C. Eoed. 

Sections in the Pir Panjal Range and Sind valley^ 
Kashmir, by C. S. Middlemiss. 

Fail .1--The Mineral Production of India during 1910, by H. H. 

Hayden. Note on the occurrence of sainarskite and other 
minerals in the Nellore district, Madras Presidency, by 
G. H. Tipper. 

Coal in the Namchik valley, Upper Assam, by E. H, 
Pascoe. 

Miscellaneous Notes 

The condition of Barren Island in 1846, as described 
by Officers of the Danish Con*ette Galafhen^ by F. R. 
Mallet. 

Pan /-The Pegu-Eocene succession in tlie Minbu district, near 
Ngape, by G. de P. Potter. 

The geology of the Henzada district, Burma, by Murray 

Stuart. 

The geology of the Lonar Lake, by T. H. D. La Touche, 
with a note on the Lonar soda deposit, by W. A. K. 
Christie. 

Report on the Eleventh International Geological Con¬ 
gress, held in Stockholm in August 1910, by L, L. 
Fermor. ^ 

Miscellaneous Notes:— 

Notes on some Nummulites from the Burma Tertiaries, 
by de P. Cotter. * 

Not(‘ on the Limestom^ Hill near Thayetinyo, by 6. de 

P. Cotter. 

VoL. XLll, 1912. 

Vuii 1. On tli<‘ survival of a IJiocene oyster in recent seas, by H. 
Biillen Newton, and Edger A. Binitb. 

Silurian fossils from Kashmir, by F. E.. 0. Eeed. 

Note on specimens of blddite from the Salt Eange, by 

(Jyril S. Pox. _ 

Report on certain gold-bearing deposits on Mong Ijoi^, 
Hsipaw State, Northern Shan States, Burma, by J. Coggin. 
Brown. 
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Note on steatite deposits, Idar State, by 0. S. Middle- 
miss. 

Miscellanoous Notes;— 

Supposed eru])tion of a mud volcano in the Straits of 
Choduba, Arakan Coast, Burma, by J. Ooggin Brown. 

Selenite in the dhansi district, United Provinces, by 
C. A. Silberrad. 

Part 2 ,—General Report of the Geological Survey of India for the 
year 1911, by H. H. Hayden. 

Dicotyledonous leaves f!‘om the Coal Measures of 
Assam, by A. C. Seward. 

Notes on the Poting glacier, Kumaon Hunalaya, Juno 
1911, by C!a])tain Grinlinton. 

Miscellaneous NotoKS: — 

Not(*s, recorded in August 1911, on sonic of the Lakes, 
of Ladakh, by D. Cl. Oliver. 

Par/ 3 .—The Mineral Production of India dining 1911, by R, II. 

Hayden. The systematic position of the Kodurite series, 
especially with reference to the quantitative classifica¬ 
tion, by L L. Fermor. 

Part 4 .—A geological reconnaissance through the Dihong valley, 
being the geological results of the Abor expedition, 
1911-12, by J. Coggin Brown. 

A traverse across the Naga Hills of Assam from Diina- 
pur to the neighbourhood of Sararucti Peak, by U. 11. 
Pascoe. 

Notes on Indian aerolites recorded since 190G, by (}, d<^ 
P. (k)tter. * 

Miscellaneous Notes. -1 

Eruption of a submarine mud volcano oil Saudoway, 
Arakan Coast, Burma, by J. Ooggin Brown. 

Fiery eruption of a mud volcano on Foul Isiatul, 
Arakan Coast, Burma, by J. Coggin Brown, 

Gas from a mud volcano in Mekran, by W. A. K. 
Christie. 


Von. XLIII, 1913. 

JPart 1 {out of printjn —General Report of the Geological Survey of 
India for the year 1912, by H. H. Hayden. 
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PrelimiDary note on garnet as a geological barometer 
and on an infra-plutonic zone in the Earth’s crust, by 
L. Tj. Fermor. 

On some occurrences of wolframite lodes and deposits 
in the Tavoy district of Lower Burma, by A. W. G. 
Bleock. 

Miscellaneous Notes :— 

Correction in generic nomenclature of Bugti fossil mam¬ 
mals, by Guy E. Pilgrim. 

P( 0 '( 2 {out of print). —Mineral Production of India during 1912, by 
H. H. Hayden. 

Notes on the relationship of the Himalaya to the Iiido- 
Gangetic plain and the Indian Peninsula, by H. H. 
Hayden. 

Note on a twinned (uystal of hambergite from Kashmir, 
l)y R. C. Burton. 

Port o. Contributions to the geology of the Province of Yunnan in 
Western China: 1. The BIiamo-Teng-Yiieh area, by J. 
(\)ggin Brown, 2. Petrology of the volcanic rocks of the 
Teng-Yiieh district, by E. C. Burton. 

The Kirana and other hills in the Jech and Rechna 
Boabs, by A. M. Heron. 

The Banswal aerolite, by J. Coggin Brown, 

Jkut 4.’ The gold-bearing alluvium of the Chindwin river and tribu¬ 
taries, by H. S. Bion, 

The correlation of the Siwaliks with mammal horizons 
of Europe, by Guy E. Pilgrim. 

Contributions to the geology of the Province of Yunnan 
in Western China : 3. Notes on the stratigraphy of the 
Ordovician and Silurian beds of Western Yunnan, by 
J. Ooggiu Brown, with provisional palseontological deter¬ 
minations, by F. R. 0. Reed, 

Further notes on the species Camarocrinus asiaticus ” 
from Burma, by F. R. C. Reed. 

VoL. XLIV, 1914. 

Part 1 {out of print),—Qeneml Report of the Geological Survey of 
India for the year 1913, by H. H, Hayden. 

A carbonaceous aerolite from Eajputana, by W. A. 
Christie. 
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Notes on the value of Niumnulites as zone fossils, with 
a (ieseiiption of some Burmese s|)e(*ies, bv (r. <!(' 1*. 
(/ottei. 

Pail ?.-Contributions to the geology of liie Provniee of Yiimian in 
Western (lliina : A. The countiv around Viinnan Pu, by 
fF Oo^^in Blown. 

Note on a dyke of white trap fioin the Pencil valh'V 
coalfield, Chhindwara district, Central Provin(*es; bv 
C^o-il R, Fox. 

fStatement of Mineral Concessions grantisl during 

Pail 3- Some newly <liscovered coal-seams near the Yaw Hiver, 
Pakokkii district, Cpper Burma, liy C. de P, Cotter. 

The inonazite sands of Travancor<‘, Iiy C. H, Tipper. 

A Ijower Cretaceous fauna from tin* Himalayan 
Gieuinal Sandstone, together with a d<‘s(*nption of a ftwv 
fossils from the Chikkim series, by Albn^eht Sfutz (Vi<uina). 
(Translated by E. Vredonburg.) 

Further description of halaido^ salnionfanas Pilgrim, 
the new genus of Bear from the Middle Siwaliks, with 
some remarks on the fossil Tndian LhsidiOj by Guy E. 
Pilgrim, 

On the probable future beheading of the Son and Rc^r 
rivers by the Hasdo, by L. L. Fermor. 

Part 4.“Notes on the Salt Deposits of the Cis-lndus Salt Range, by 
W. A. K, Christie, 

Description of teeth referable to the Lowx*r Siwalik- 
Creodont genus Dmopsalis, Pilgrim, by Guy Ji Pilgrim. 

Notes on some glaciers of the Dhauli and Lissar valleys, 
Kumaon Himalaya, September 1012, by Captain John |j. 
Grinlinton. 

Miscellaneous Notes:— 

Correction in nomenclature of two Indian fossil mam¬ 
mals, by Guy E. Pilgrim, 

Von. XLV, 1916. 

Part L —^New Siwalik Primates and their beai^ing on the question of 
the Evolution of Man and the Anthropoidea, by Guy E, 
Pilgrim. 

The brachiopoda of the Namyau beds of Burma: Prer 
liminary notice^ by S, S. Buokman. 
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Mihcellaneoufe Notes:— 

Gypsum in Diiolpur Btate, by A. M. Heron, 

Pail 2 .—General Report of the Geological Survey of India for the 
year 1914, by C. S. Middlemiss. 

Note on the new feline genera Sivcelunis and Pamaat- 
rhwrodas and on the possible siuvival of the sub-pliylaiu 
in modern times, by Guy E. Pilgrim* 

Pail 3 .—^Herbert Stanley Bion, by H* H. Hayden. 

Mineral Production of [ndia during 1914, by H. H. 
Hayden. 

Three new Indian meteorites ; Kuttippuram, Shiipiyan 
and Kamsagar, by J* Ooggin Brown. 

The dentition of the Tragulid Genus Doicabune, by 
Guy E. Pilgrim. 

On hematite crystals of corundiforni habit from Kajii- 
dongii, Central India, by L. L. Fermor. 

Paii —Geology of the country near Ngahlaingdwin, Minl)u district, 

Burma, by Cesare Porro (with geological map, by C, 
Porro and R. Lewer, and with footnotes and Appendix, by 
G. de P. Cotter). 

Notes on the geology of Chitral, Gilgit and the Pamirs, 
by H. H. Hayden. 

VoL. XLVI, 1915. 

Quinquennial Review of the Mineral Production of India, by Sir 
Thomas H. Holland, and L, L. Fermor. Revised for 
the years 1909 to 1913, by H. H, Hayden and L. L. 
Fermor {out of pint). 

VoL. XLVII, 1916. 

Part 1 .—General Report of the Geological Survey of India for the 
Year 1916, by H. H. Hayden. 

Some newly discovered Eocene mammals from Burma, 
by Guy E. Pilgrim, and G, de P. Cotter. 

Miscellaneous Notes:— 

Chemical composition of Red Marl of the Salt Range, 
Pimjab, by H. Warth. 

Corrective note on the age of the Tertiary of Java, by 
G. de P. Cotter. 
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Fait The Dc'ccan Trap flows of OhliiiKlwaira district. 

(Vniral Provinces, by L. L. Ferinor and (\yril K. Kox. 

A note on the iron ore deposits of Twdnn^n\ Northern 
Shan States, by J. Brown. 

Pa^t He^ijinald ('’ooksey Burton. Born, March lOtlu 1<S9<^: Died 
of wounds, April 9tfi, 191 b, by If. 11. flayden. 

The Mineral Pi-odiiction of India dunnii; 1915, by H. 11. 
Hayden. 

Fle7Nm(/oiilrea, an eastern grouj) of Upper Cretact‘Ous 
and hlocene Oslmdtt : WTth devsenptions of twH> tu^w 
speci(‘s, l)y E. Vredeiiburg. 

Part 4. Contributions to the geology of the Province^ of Yiinnan in 
Western China : 5. (h^ology of parts of tlie Sal\V(‘en and 

Mekong valleys, by rJ. (^)ggin Browni. 

A fossil wood from Burma, I)y Aliss ButJi Holden. 

TIh' Visimi an<l Ekli Kheia aerolites, by 11. Walkiu’. 

Von. NLVIII, 1917. 

Part I- (JeiKTOt Heport of tlie (Jeological Sin\(\y of India for tin* 
year 1910, by H. H. Hayden. 

A revised classification of the UondwTina system, by 

' G. de P. ‘ Cotter. 

Pari 2- The Mineral Production of Iiulia during 191(>, by 11. H* 
Hayden. 

Preliminary note on some rceeut mammal eolleidions 
from the Basal beds of the Siw'aliks, by Guy E. 
Pilgrim, 

Part ^.— Dn tlu* <»rystallograpIiy and nonumelaturi* of liollaudite, by 
E. L. Eermor. 

Geology and ore dejiosits of the Bawdwin Mines, by d, 
Coggin Brown. 

Miscellaneous Notes : - 

Monazite in Mergui anil Tavoy> l>y A. M. Heron. 

Pari 4.—The Biana-Lalsot Hills in Eastern Ilajputana, by A. M. 
Heron. 

On the origin of the laterito of Seoni, Central Provinces, 
by the late E. C, Burton. 

VoL. XLIX, 1918-19. 

Part 4,*—General Report of the Geological Survey of India for the 
year 1917, by H, H. Hayden. 
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The casi^iterite deposits of Tavoy, hy J. Coggia Brown* 

Les Eehinides des Bagh beds/’ par E. Fourtau. 

Part 2.—The Mineral Prodijction of India durhig 1917, by fl. H. 

Hayden. 

The support of the mountains of Central Asia (being an 
Appendix to the Memoir on the structure of the Hima¬ 
layas, and of the Gangetic plain, as elucidated by geodetic 
observations in India), by R. D. Oldham. 

Nanabhai Dayabhai Daru, by H. H. Hayden. 

Part 3 ,—Notes on structure and stratigraphy in the North-West 
Punjab, by E. S. Pinfold. 

Note on the aquamarine mines of Daso on the Braldu 
river, Shigar valley, Baltistan, by C. S. Middlemiss and 
Lala Joti Prashad. 

Prelimingjry note on the Srimangal earthquake of July 
8th, 1918, by Captain Murray Stuart. 

Part 4 .—^Possible occurrence of petroleum in Jammu Province : 

Preliminary note on the Ndr-Budhan dome, of Kotli 
Tehsil in the Punch valley, by C. S. Middlemiss. 

The submerged forest at Bombay, by T. H. D. La 
Touche. 

On some Infra-Trappeans and a silicified lava from 
Hyderabad, S. India, by K. A, K. Hallowes. 

VoL. L, 1919. 

Part J.—General Report of the Geological Survey of India for the 
year 1918, by H. H. Hayden. 

The potash salts of the Punjab Salt Range and Kohat, 
by Murray Stuart. 

Suggestions regarding the origin and history of the 
rock-salt deposits of the Punjab and Kohat, by Murray 
Stuart. 

pfifl 2 ,—The distribution of ores of tungsten and tin in Burma, by 
J, Coggin Brown and A. M. Heron. 

On the inclination of the thrust-plane or reversed fault, 
between the Siwalik and Murree zone of formations, near 
Kotli, Jaxmnu Province, by C. S. Middlemiss* 

Two new fossil localities in the Garo BBDis, by E* S- 
Pinfold. I 

Report on the Sanni sulphur mine, by G* de P. Cotter* 
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Miscellaueous, Notes ;— 

Note on a spiral impression on Lower Vindhyan lime¬ 
stone, by E. J. Beer. 

Part 3 (out of print). —^The Mineral Production of India during 1918, 
by H. H. Hayden. 

The gastropod fauna of old lake-beds in Upper Burma, 
by N. Annandale. 

Tke galena deposits of North-Eastern Putao, by Murray 
Stuart. 

Part 4 (ovi of print). —On pitchblende, niouazite and other mim'rah 
from Pichhii, Gaya district, Bihar and Orissa, by G. H. 
Tipper. 

Natural gas in bituminous salt from Kohat. by Murray 
Stuart. 

The mineral resources of the Cenitral Province.s, by L. 
L. Permor. 

Miscellaneous Notes :— 

Note on sipylite from the Ncllore district, Madras 
Presidency, by G, H. Tipper. 

VoL. LT. 1920-21. 

Part 1. —General Eeport of the Geological Surs^ey of India fo)- the 
year 1919, by H. H. Hayden. 

Note on pseudo-crystals of graphite from Travancore, 
by G. H. Tipper. 

‘ On a mineral related to xenotime from the Manbhum 
district, Bihar and Orissa Province, by G. H. Tipper. 

On the coal seams of the Foot-Hills of the Arakan 
Yoma, between Letpan Yaw in Pakokku and Ngap6 in 
Minbu, Upper Burma, by K, A. K. Halbwes. 

Observations on “ Physa Prinsepii,” Sowerby and on a 
dionid sponge that burrowed in its shell, by N. 

* Annandale. 

Pmt 2 .—Classification of the recent and fossil cyprreidae, by E. 
Vredenburg. 

Sulphur near the confluence of the Greater Zab with 
l&e Tigris, Mesopotamia, by E. H. Pasooe. 

HCsoellaneous Notes:— 

Note on monasgte in the Southern Shan States, by 
' ' H OecU Jones. 
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Note on an occurrence of graptolites in the Southern 
Shan States, by H* Cecil Jones. 

The growth of an efflorescence of cerium sulphate on 
Travancore graphite, by Murray Stuart. 

The Mineral Production of India during 1919, by E. H. 
Pascoe. 

Results of a revision of some portions of Dr. Noetling’s 
second monograph of the Tertiary fauna of Burma, by 
E. Vredenburg. 

Notes on the marine fossils collected by Mr. Pinfold in 
the Garo Hills, by E. Vredenburg. 

Illustrated comparative diagnoses of fossil terebridae from 
Burma, by *E. Vredenburg. 

Indian fossil viviparee, by N. Annandale. 

On a new fossil Unionid from the Intertrappean beds of 
Peninsular India, by B. Prashad. 

Unionidae from the Miocene of Burma, by E. Yreden- 
burg and B- Prashad, 

VoL. LII, 1921. 

Quinquennial Review of the Mineral Production of India 
for the years 1914 to 1918, by the Director and Senior 
Officers of the Geological Survey of hidia. Price Es. 2. 

Von. LIII, 192L 

Part L —General Report of the Geological Survey of India for the 
year 1920, by E. H. Pascoe. 

The antimony deposit of Thabyu, Amherst district, 
Burma, by A. M. Herom 

Note on some antimony deposits of the Southern Shaa 
States, 'by H. Cecil Jones* 

The geology and mineral resources of Eastern Persia, 
by G. H. Tipper. 

Miscellaneous Note:— 

Bismuth in Tenasserim, by A. M. Heron. 

Part 2 ,—Comparative diagnoses of Pleurotomidae firom the Tertiary 
formations of Burma, by E. Vredenburg. 

Comparative diagnoses of Conidse and OanceUariidae 
firom the Tertiary formations of Burma, by E. Vreden- 
buxg> 


Part 3,-- 


Part 4.~ 



OG (HTAl.OGni? OF PUBLIOATIONS. 

()a tlio Ktratif>ra])hy, fohsilw iui<il i'polo^fical lu'lation- 
bhips of tlip Lanieta l)(>cls of ,liil)bnli)(»n', by 0. A. Matloy. 

The locks Laiui'ta fiiliat (Jubl)iil])oro riistrict), by 

C. A. Mafclcy. 

Pad 3 (out of Frederick Eichinoiwl Mallet, F.G.S. iBorn 

lOth February 1841 : Died 24tli June 11)21, by' B. B. 
Pascoe. 

The Mineral Production of India during 1020, by B. H. 
Pascoe. 

The mineral resources of Bihar and Oriasa, by L. L. 
Fermor. 

Part 4 .—^Note on the stratigraphy of the Singu-Yenangyat area,'by 
Rao Bahadur S. Sethu Rama Rau. 

Analysis of the Singu fauna founded on Rao Bahadur 
Sethu Rama Rau’s collections, by B. Vredenburg. 

The sulphur deposits of Southern Persia, by Guy E. 
Pilgrim. 

' A zone-fossil from Burma; Ampullina (Megatylotus) 

birmanica, by E. Vredenburg. 


VoL. LIV, 1922. 

Part 1 .—General Report of the Geological Survey of India for the 
year 1921, by L. L. Fermor. 

Contributions to the geology of the Province of Yunnan 
in Western China: 6. Traverses between Tali Fu and 

Yunnan Fu, by J. Cc^gin Brown. 

The geology of the Takki Zam valley, and the 
Kaniguram-Makin area, Waziristan, by Captain Murray 
Stuart. 

A note on the geology of Thayetmyo and neighbour¬ 
hood, including Padaukbin, by G. de P. Cotter, with a 
map by the late BL S. Bion. 

The occurrence of bitumen in Bombay Island, by Cyril 
S. Pox. 

Port %.—^The Mineral Production of India during 1921, by L. L. 
Fermor. 

The iron-ores of Singhbhum and Orissa, by H. Cecil 
Jones. 

Geological results of the Mount Everest reconnaissance 
expedition, by A- M. Heron. 
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The northern extension of the wolfram-beaiing zone in 
Burma, by J. Coggin Brown and A. M, Heron. 

Miscellaneous Note :— 

Barytes in Alwar, by Sri Kumar Roy. 

I^art o ,—^Rupert William Palmer: Born July 4th, 1890. Died 
Octobei* 12th, 1922, by E. H. Pascoe. 

Indian Tertiary gastropoda, TV. Olividio, Harpidie, 
Marginellidai, Volutida^ and Mitrid^, with comparative 
diagnoses of new species, by the late B. Vredenbui'g. 

On the structure of the cuticle in Glossopteria angusH- 
folia Brongn., by B. Sahni. 

Revision of some fossil Balanomorph Barnacles from 
India and the East Indian Archipelago, by Thomas H. 
Withers. 

Contributions to the geology of the Province of Yunnan 
in Western China : 7. Reconnaissance surveys between 

Shun-mng Fu. Pu-e rh Fu Ching-tung T’ing and Ta-li Fu, 
by J. Coggin Brown. 

Contributions to the geology of the Province of Yimoan 
in Western China: 8. A traverse down the Yang-tze* 

chiang valley from Chin-chiang-kai to Hui-li Chou, by 
J. Coggin Brown. 

Note on the boulder beds beneath the Utatur stage of 
the Trichinopoly district, by Hem Chandra Das Gupta. 

Miscellaneous Notes :— 

Galena near Nardha, Seonhra Tehsil, Datia state, by 
D. N. Wadia. 

Ochre pits around Daroli, by D. N. Wadia. 

Note on the oil-shales of Mergui, by M. Vinayak Rao. 

Note on the age of the limestone opposite Martaban 
Railway Station, Thaton district, Burma, by G. de P, 
Cotter. 

The classification of the Terebridse, by E. Vredenburg. 

JPad 4 ,—^The geology of Western Jaipur, by A. M. Heron. 

Geological traverses from Assam to Myitkyina through 
the Hukong valley, Myitkyina to Northern Putao; and 
Myitkyina to the Chinese Frontier, by Murray Stuart. 

Ohgocene Ecbinoidea collected by Rao Bahadur S • 
Sethu Rama Eau in Burma;, by the late E. Vredenburg* 



98 


CATALOGUE OE PUBLICATIONS. 


Mineral resources of the Kolhapur State, hy H. Cecil 
Jones. 

Notes on the Ktmghka and Manmaklang iron ore, 
deposits, Northern Shan States, Burma, by K. L. G. 
Clegg. 


VoL. LV, 1923-^4. 

Part i.—General Eeport of the Geological Survey of India for the 
year 1922, by E. H. Pascoe. 

Indian Tertiary gastropoda, No. 5, Fusidse, Tur- 
binellidae, Chrysodomidse, Strepturidae, Bucoinidat!, Nassidae, 
Columbellidae, with short diagnoses of new species, 
by the late E. Vredenburg. 

On the geological interpretation of some recent geo¬ 
detic investigations (being a second appendix to the 
Memoif on the structure of the Himalayas and of the 
Gangetic plain as elucidated by geodetic observations in 
India), by R. I). Oldham. 

PaH 2 .—Ernest (Watson) Vredenburg, B.-es-L., B.-es-Sc. (France), 
A.R.S.M., A.R.C.S., F.O.S.. F.A.S.B. Bom 17th April 
1870: Died 12th March 19^, by E. H. Pascoe. 

Fossil molluscs ficom the oil-measures of the Dawna 
Hills, Tenasserim, by N. Annandale. 

Note on an armoured Dinosaui; from the Lameta beds 
of Jubbulpore, by C. A. Matley. 

On some fossil forms of Placuna, by the late E. Vreden¬ 
burg. 

On the phylogeny of some Turhinellidse, by the late 
E. Vredenburg. 

Recent falls of aerolites in India, by H. Walker. 

Geology of a part of the Khasi and Jaintia Hills, 
Assam, by the late Captain R. W. Palmer. 

Part 3 .—^The Mineral Production of India during 1922, by E. H. 
Pascoe. 

L^itic coalfields in the Earewa formation of the 
Kashmir valley, by C. S. Middlemiss. 

Basic and ultra-basic members of the Charnookite 
series in the Central Provinces, by K. A. K. HaUowes. 

The china day of Karalgi, Khanapur, Belgaum dis- 
tarict, by K. A, K. HaUowes. 
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Part 4 .—Henry Hubert Hayden: Born July 25tli, 1869. Hied 
August 1923, by E. H. Pascoe. 

The oil-shales of Eastern Amherst, Burma, with a 
idcetch of the geology of the neighbomhood, by 6. de P. 
Cotter. 

Provisional list of Palaeozoic and Mesozoic fossils col¬ 
lected by Dr. Coggin Brown in Yun-nan, by E, R. C. 
Reed. 

Note on the fall of three meteoric irons in Rajputana 
on the 20th May 1921, by L. L. Fermor. 

Miscellaneous Note:— 

On a crystal of monazite from Simultala, by Saratlal 
Biswas and Bhupendranath Maitra. 

VoL. LVI. 1924-25. 

Part 7.--General Report of the Geological Survey of India for the 
year 1923, by B. H. Pascoe. 

A geograpMcal classification of the mineral deposits of 
Burma, by J. Coggin Brown. 

Part 2 .—The Mineral Production of India during 1923, by E. H. 
Pascoe. 

The soda-bearing rocks of Kishengarh, Rajputana, by 

A. M. Heron. 

Part 3 .—Gyrolite and okenite from Bombay, by W. A. K. Christie. 

A freshwater fish from the oil-measures of the Hawna 
HiHs, by the late N. Annandale, and S. H Hora. 

On a fossil AmpuUaiiid from Poonch, Kashmir, by 

B. Prashad. 

On a calcareous alga l)elongiag to the TnploporeUm 
{DasydadamE) from the Tertiary of India, by John 
Walton. 

Froth flotation of Indian coals, by W. BandaU. 
Submarine mud eruptions off the Arakan Coast, Burma, 
by J. Cc^gin Brown. 

Notes on Cretaceous fossils from Afghanistan and 
Khorasan, by the late H. S. Bion, with an Introduction 
by J. Oo^in Brown. 

Part 4 .—The Merua meteorite, by G. H. Tipper. 

Stegoim ganesa (Falc, and Caut.) in the Outer Siwaliks 
of Jammu, by H. N. Wadia. 
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On a collection of ]un<l and frofelnvaOn r(»‘^sil molluscs 
from the Karowa« of Kashmir, iiy B. Prasiiud* 

Report on the extuniiiation of Bannest^ lignitob from 
Namina, Lfihhi(» and I^uik, bv C 11, Lualcr, willi au 
Intro<luctiou, by F \V, W-illou*, 

The Mauiy[)ur salt works, bv- / A. Dunn 

Voh. LVir, 1921 . 

Quinquennial Review of the Mineral Production of 
India for the years 1919 to 1923, by the Director aiid 
Senior Officers of the Geological Sanen of India, Price 
Rs. f) As. 10. 

VoL. LVIU, 1925-20. 

Part 1 .—General Report of the Geological Survey of India for the 
year 1924, by E. E. Pascoe. 

A fossil tree in the Panchet series of the Lower Gond* 
wanas near Asansol, by E. J. Bradshaw: with a 
pateontological description, by B, Sahni. 

Part 2 .—^Francis William Walker: Born 29th November 1896: 
Died 20th March 1925, by L. L. Permor. 

The possibilities of finding a concealed .coalfield at a 
workable depth in the Bombay Presidency, by Cyril S. 
Fox* 

On the basaltic lavas penetrated by the deep boring 
for coal at Bhusawal, Bombay Presidency, by L. L. 
Fermor. 

Part 3 ,—The Mineral Production of India during 1924, by L. L* 
Fermor, 

Note on tb^ enstatite-augite series of pyroxenes, by L. 
L, Fermor, 

^ Note on the constitution of glauconite and celadoni^, 

by L, L. Fermor, 

Palagonite-bearing dolerite from Nagpur; suggestion 
regarding the nature and origin of palagonite, by D. N, 
Wadia. 

Pari 4.—Description de quelques fossiles Cr4taces de 1*Afghanistan, 
par H. DouviUe. 

Fossiles recueillis par Hayden dans le Kashmir en 1906 
et les Pamirs en 1914; leur description, par H. Douvill4. 
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Additions and corrections to Vredenhur^’s classifica¬ 
tion of the cyprseida}, by F. A. Schilder. 

The petrogra})]iy of rocks from the Girnar and Osham 

Hills, Katliiawai, br M. S. Krishnan, 

/ 

VoL. LIX, 1926. 

Part /.—General Keport of the Geological Survey of India for the 
year 1925, by F. H. Pascoe. 

The zonal distribution and description of the larger 
foraminifera of the middle and lower Edrthar series 
(middle Eocene) of parts of Western India, by W. L. F, 
Nuttall. 

Part 2 ,—Sampling operations in the Pench valley coalfield, by G. V. 
Hobson. 

On the composition of some Indian garnets, by L. L. 
Permor. 

The geology of the Andaman and Nicobar Islands, 
with special reference to Middle Andaman Island, by 
E. R. Gee. 

An occurrence of cryptohalite (ammonium fluosilicate), 
by W. A. K. Christie. 

Remarks on Carter^s genus Conuhtes-IXeiyoconoides, 
Nuttall with descriptions of some new species from the 
Eocene of North-West India, by Major L. M. Davies. 
Part 5.—The Mineral Production of India during 1925, by E« H. 
Pascoe. 

The metamorphic rocks and intrusive granite of Chhota 
Udepur State, by G. V. Hobson. 

Remarks on the known Indian species of Conoclypeus, 
with descriptions of two new species from the Eocene of 
North-West India, by Major L. M. Davies. 

Miscellaneous Note;— 

Ornament of heated talc from MohenjO Daro, by G. V. 
Hobson. 

Part 4. —^The occurrence of low-phosphorus coking coal in the 
Giridih coalfield, by Cyril S. Fox. 

The distribution of the gault in India, by G. de P. 
Cotter. 

The age of the so-called Danian fauna from Tibet, by 
G. de P, Cotter. 
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Bauxite on Korlapat Hill, Kalaliandi State, Bihar and 
Orissa, by M. S. Kri&hnan. 


VoL. LX, 1027-28. 

Part 1 .—General Report of the Geologioal Survey of India for the 
year 1926, by B. H. Pascoe. 

Six recent Indian aerolites, by G. V. Hobson. 

Part 2 .—gas eruption on Ramri Island, off the Ai'akan Coast of 
Burma, in July, 1926, by E. H. Pascoe. 

Oil indications at Dtigh Road near Karachi, by H. 
Crookshank. 

The lower canine of Tetraconodon, by Guy E. Pilgrim. 

The geology of Bundi State, Rajputana, by A. L. 
Coulson. 

Port 3 .—^The Mineral Production of India during 1026, by E. H. 
Pascoe. 

Notes on a geological traverse in the Yunzalin valley, 
by E. L. G. Clegg. 

The Ambala boring of 1926-27, by B. L. G. Clegg. 

On some fossil Indian unionidee, by B. Prashad. 

Part 4 .—On the relationship between the specific gravity and ash 
contents of the coals of Korea and Bokaro: Coals as 
colloid systems, by L. L. Permor. 

Note on a contact of basalt with a coal-seam in the 
We of Skye, Scotland: Comparison with Indian 
examples, by L. L. Permor. 

The Barakar ironstone boundary near Begunia, Rani- 
ganj coalfield, by Cyril S. Pox. 

The Raniganj-Panchet boundary near Asansol, Raui- 
ganj coalfield, by Cyril S. Pox. 

A Permo-Ckucboniferous marine fauna from the Umaria 
' coalfield, by P. R. C. Reed. 

The geolc^ of the TJanaria coalfield, Rewah State, 
Central India, by B. R. Gee. 

On the composition and nomenclature of ohlorophmite 
. aM pah^nite and on the chlorophseite series, by L. L. 
Permor. 
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Miscellaneous Notes:— 

Barytes from the Anantapur district, Madras, by A. L. 
Coulson and A. K. Dey. 

Bar3d;es in Orohha State, by A. L. Coulson. 

VoL. LXI, 1928-29. 

Part 7.—General Eeport of the Geological Survey of India for the 
• year 1927, by Sir Edwin Pascoe. 

Aclitiodort, /isinemis, n. sp. in the Lower Gondwanas of 
Vihi district, Kashmir, by D. N. Wadia, and W. E. Swin- 
ton. 

Miscellaneous Note:— 

Eirrther note on the nomenclature of hollandite, by L. 
L. Fermor. 

Part 2 .—^A contribution to the geology of the Pimjab Salt Range, 
by Cyril S. Fox. 

The iron ore deposits of the Northern Shan States, by 
J. Coggin Brown. 

The lower canine of an Indian species of Conohyus, by 
Guy E. Pilgrim, and N. K. N. Aiyengar. 

Miscellaneous Note:— 

Leucop 3 n’ite from Kodarma, by A. L. Coulson. 

Part 3 .—The Mineral Production of India during 1927, by L. L. 
Fermor. 

Note on coking tests made with Gondwana coals, by 
Cyril S. Fox 

A zinc-spinel, from Southern India, by W. A. K. 
Christie, and A. L. Coulson. 

A new Indian meteorite; the Lua fidl, by A. L. 
Coulson. 

Miscellaneous Note:— 

Lollingite from the Hazaribagh district, Bihar and 
Orissa, by A. L. Ooulson. 

Part 4 .—^The erratics of the Punjab, by 6. de P. Cotter. 

The Cretaceous Dinosaurs of the Trichidopoly district, 
and the rocks associated with them, by C. A, Matley. 
Some Orbitdlinse from Tibet, by G. de P. Cottar. 

Note on the Joya Mair ' dome fold, near Chakwal, 
Jhelum district, Punjab, by D. N. Wadia. 
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All occum‘iu*t of allopluilio at Tik<\k, Ass^im, by A. li. 
Ooulwoii 

J\]iM‘(‘lLiUi'()iis Koto : - 

Australian speck^s of tin* (fiso^hn. In (J. (1<- l\ 

(Jotter, 


VoL, bXIi, 1929-:Ut 

Part J.—General Report of the Geological Survey of India for tlie 
year 1928, l)y Sii Edwin Pascoe. 

Miscellaneous Kfote : - 

New chromite localities, by A. L. Ooulson. 

Part 2 ,—Sivarau Sethu Rama Rau: Born 15th October 1874: 
Died 27th March 1921», by Sir Ifidwin Pascoe* 

On the specific* gravity and ])roxiinate composition of 
some Indian vitrains, by L. L. P(n*inor, 

New Devonian fossils from Burma, bv F. H, 0. 
Reed. 

The Rangoon earthquakes of Septeinb(u‘ and DecembcT, 
1927, by J. Coggin Brown. 

The epicentre of the North-West Hiiualayau earth¬ 
quake of the 1st February, 1929, by A, L. Coulsou, 

Miscellaneous Notes- 

Indian beryl, by E. L. G. Clegg. 

An occurrence of ataeamite iu Bihar, by A, L. Coulsou. 

Pyroniorphite iu the Bhagalpur district, by A. U 
Coulson, 

Part fi .—^The Mineral Production of India during 1928, by Bir Edwin 
Pascoe. 

Granophyrio tracdiyte from Bhlsette island, Bombay, 
by M. S. Krishnan, 

The coal resources of the Jharia coalfield, by Norman 
Barraclough. 

Coal lost by fires and collapses in Indian coal mines, 
by Norman Barraclough. 

Pan 4 ,—On the age of the Aravalli Range, by L. T-j. Fermor. 

Note on Lake's rule for the angle of overthrust, as 
applied to the Himalayas, by L. L. Fermor. 

" The Permo-Carboniferous succession in the Warcha 

valley, Western Salt Range, Punjab, by F. R. 0, Reed, 
G. de P. Cotter, and H. M. Lahiri. 
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The Naoki (Hyderabad) meteoric shower of the 29^h 
September, J928, by A, L. Coulson 
MiiSc<'llaneous Notes :— 

Note on a boring for water at Daryapur, by H. Crook- 
shank, 

Note on the alleged occurrence of fossil eggs at Yenan- 
gyanng, Upper Burma, by C. T. Barber. 

VoL. LXIII, 1080. 

Part 7 . —General Report of the Geological Survey of India for the 
year 1029, by Sir Edwin Pascoe. 

Upper Tj’iassic fossils from the Burmo-Siamese fron¬ 
tier— 

The Thaungyin Trias and description of the corals, 
by J, W. Gregory. 

Brachiopoda and Lamellibranchia from the Thaun- 
gyin river, by John Weir. 

On some fossils from the Kamawkala Limestone, 
by F. Trauth. 

A new Da^sycladacea, Hohsporella siam^ensis nov. 
gen., nov. sp., with a description of the allied genus 
Aekulella Pia, by Julius Pia. 

On the occurrence of Cretaceous cephalopods in the 
' Red Beds ’ of Kalaw, Southern Shan States, Burma, 
by Cyril S. Fox 

2.—-Methods of analysis of coal used at the Government Test 
House, Alipore, Calcutta, by N. Brodie. 

New fossil localities within the Panchet series of the 
Raniganj coalfield, by E. R. Gee. 

An undescribed species of Cyllene from the Pegu beds 
of Burma, by B. 'B. Gupta. 

Two new species of VniOi by B. B..Gupta. 

The glaciers of the Karakoram and neighbourhood, by 
Major Kenneth Mason. 

Miscellaneous Note:— 

On the occurrence of a small dome near Mari in the 
Attock district, by H, M. Lahiri. 
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Part 3. —^The Mineral Production of India durinj* J029, liy L. li. 
Fermor. 

On the specific ijravity and proximate composifion of 
some Indian durains, by L. L. Fermor. 

Part 4. —Some aspects of modem oilfield practice by C. T. Barbel. 

On some undescribod freshwater molluscs from various 
parts of India and Burma, by B. Prashad. 

Second note on tbi* North-Wi'st Himalayan ('artliquake 
of the Ist Felnuary, 1020, by A. L. Coulson. 

Miscellaneous Notes : — 

Treraolite from near Jasidih, Bilun, bv A. L. (tnilsoii. 

Note on sapjihiriue in the Vuiaeapatarn district, by 
II. Crookshank. 

On a titaniferous auj>i<<' from Clmudrawati, Sirohi 
State, Rajputana, by A. L. Coulson 

Von. LXIV,- 10:i(). . 

Quinquennial Review of the Mineral Production of 
India for the years 1024 to 1028, by iJip Director ami 
fSetrior Officern of the Oeologioal Snivel/ of India. Price 
R&. 9 As. 6. 


Von. LXV, lOHl-32. 

Pa/rt 2.—General Report of the Geological Survey of India for the 
year 1930, by Jj. L. Fermor. 

Additional note on the Saraelia meteorite, by L, L. 
Fermor. 

On the zoning and difference in compositior of twinned 
plagioclase felspars in certain rooks from Sirohi State, 
Rajputana, by A. L. Coulson. 

The Albite-Ala B twinning of plagioclase felspars in 
certaiii acidic rocks from Sirohi State, Rajputana, by 
A.. L. Coulson. 

Notes on some Jurassic fossils from the Northern^ 
Shan States, by F. E. C. Reed. 

2.—The ^tasds of the North-West Himalaya; its rooks, 
tectonics and onigeny, by B, N. Wadia. 
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A prelimmary note on the Pegu earthquake of May 
5th, 1930, by J. Coggin Brown, P. Leicester and H. L. 
Chhibber. 

Determination from world records of the zero time 
and the epicentre of the Pegu earthquake of May 5th, 
1930, by S. W. Visser. 

Note on the long distance wave speeds of the Pegu 
earthquake of May 5th, 1930, by P. Leicester. 

On certain rocks bearing kyanite and sillimanite in the 
Bhandara district, 0. P., by S. K. Chatterjee. 

The stratigraphy of the Upper Ranikot series (Lower 
Eocene) of Sind, India, by W. L. F. Nuttall. 

Miscellaneous Note :— 

A fnchsite vase from Mohenjo Daro (Sind), by J, A. 
Dunn. 

Parf 3 .—The Mineral Production of India during 1930, by L. L. 
Fermor. 

The geology and lead-ore deposits of Mawson. 
Federated Shan States, by J. Cbggin Brown. 

Weathering of Vindhyan building stone, by J. A. Dunn. 

Note on a specimen of the genus Maduriies &om the 
Ordovician of Burma, by F. E. C. Reed. 

Miscellaneous Notes :— 

Supplementary note on ‘ Revisions of Indian fossil 
plants. Part II Coniferales fb. Petfifactions), 1931 % by 
B. Sahni. 

The eruption of a mud volcano ofi the Arakan Coast, 
by P. Leicester. 

JPart 4.—Reaction minerals in a gamet-cordierite gneiss from Mogok, 
by J. A. Drum. 

The Vindhyans of Western Eajputana, by A. M. Heron. 

A study of the granitic intrusions with their associated 
rocks in Ranchi and Singhbhum districts, Bihar and 
Orissa, by L. A. Narayana Iyer. 

Miscellaneous Notes:— 

Note on the supposed occurrence of Ohmeks in the 
EjoI Limestone neat Solon, by J. B. Auden. 

On a green mica from the Bhandaxa district, C. P., 
by S. K. Chatterjee. , 
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Olivine-basalt and basic tuffs in tbe Malani series at 
Jodhpur,, by P. K,. Ghosh. 

VoL. LXVI, 1932-:)3. 

Pai t 1 .—General Report of the Geological Survey of India for the 
year 1931, by L. L. Fermor. 

Rudistse from Eastern Persia, by Othmar Kiihn. 

Pwt 2 .—Notes on some Lower Palaeozoic fossils from the Southern 
Shan States, by F. R. C. Reed. 

Note on the geology of Nanga Parbat (Mt. Biamir), and 
adjoining portions of Chilas, Gilgit district, Kashmir, by 
D. N. Wadia. 

On some fossil plants from the Parsora State, Rewa, 
by A. ■ C. Seward. 

A note on the Swa earthquake of August 8th, 1929, by 
J. Coggin Brown. 

Note on an overlap in the Ngape area, Minbu district, 
by E. L. G. Clegg. 

Miscellaneous Note :— 

Note on an ammonite from Ramri Island, by G. de 
P. Cotter. 

Part S .—^The Mineral Production of India during 1931, by A. M. 
Heron. 

Mcroscopic study of some Indian coals, by A. K. 
Banerji. 

The specific gravity and porosity of Indian building 
stones, by G. de P. Cotter. 

A study of the Indian seismological records of the 
chief shocks which ocorured in the North-East Frontier 
Region of Burma during 1929-30, by A. L. Coulson. 

Note on a glacier in the Arwa valley, British Garhwal 
by L. B. Gilbert. 

Part 1 ^.—Stratigraphic significance of the fusulinids of the Lower 
Productus Limestone of the Salt Range, by Carl 0. 
Dunbar. 

JDadoxylm zalmkyi, a new species of cordaitean trees 
from the Lower Gondwanas of India, by B. Sahni- 
A fossfl pentalocular fruit from Pondicherry, South. 
India, 1^ B.* Sahni. 
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Tile Kalava (Oalwa) ‘ Wall ’ in tliu Kumool district; of 
the Madras Presidency: an example of monoclinal fold¬ 
ing, accompanied by faulting, projjably along an old 
line of weakness, by A. L. Coulsou. 

The talc-serpentine-chlorite-rocks of Southern Mowar 
and Bungapur, by P. K. G-hosh. 

On the age of certain Himalayan granites, by J. B. 
Auden. 

Tables of production, imports, exports and consump¬ 
tion of minerals and metals in India, by L. L. Fermor. 

VoL. LXVn, 1933-34. 

Part 1 .—General Report of the Geological Sm-vey of India for the 
year 1932, by L. L. Fermor. 

Anthracolithic faunas of the Southern Shan States, by 
F. R. C. Reed. 

Part 2. —Geological reconnaissance in the Southern Shan States, by 
J. Coggin Brown, and V. P. Sondhi. 

The geology of the country between Kalaw and Taung- 
gyi. Southern Shan States, by J. Coggin Brown, and 
V. P. Sondhi. 

Part 3 .—^Thc Mineral Production of India during 1932, by L. L. 
Fermor. 

Geological notes on traverses in Tibet made by Sir 
Henry Hayden in 1922, by A. L. Coulson. 

The origin of the streaky gneisses of the Hagpur 
district, by W. B. West. 

Part. 4. —The geology of the Krol Belt, by J. B, Auden. 

On some crush conglomerates of Bharwar age from 
(Jhota Nagpur and Jubbulporc, by M. S. Krishnan. 

’, , VoL. LXVIII, 1934-35. 

Part i.—^General Report of the Geological Survey of India for the 
* year 1933, by L. L. Fermor. 

Malhaii' Vinayak Rao; Bom 14th Felauary, 1878: 
Bicd ?3rd December, 1933, by L. L. Fermor. 

The Khaapur meteoric showers, by M. S. Krishnan. 

Recent observations .on the • Cambrian sequence of rije 
Punjab Salt Range, by JB. R. Gee. 
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Part 2.—The Camhrian-Trias sequence of North-Western Kashmir 
(Parts of Muzaffarabad and Barauiula districts), by B. N. 
Wadia. 

Preliminary account of the earthquake of the 15th 
January. 1934, in Bihar and Nepal, by J. B. Auden, and 
A. M. N. Ghosh. 

Pramatha Nath Bose : Born I2th May, 1855: Died 
27th April, 1934, by L. L. Fermor. 

Miscellaneous Notes 

Barytes in Manbhum district, Bihar, by A. L. Coulson. 
The soda deposit, and the manufacture of caustic soda 
and crude soap, at Parantij, Alunedabad district, by 
P. K. Ghosh. 

The potash-content of retskUt, Sambhar Salt Lake, Kaj- 
putana, by P. K. Ghosh. 

Alxmogen from the Cuddapah district, by M. S. 
JKrishnan. 

Quarterly Statistics of Production of Goal, Gold and 
Petroleum in India: January to March, 1934, by L. L. 
Fermor. 

Part 3. —The Mineral Production of India during 1933, by L. L. 
Fermor. 

Note on the manganese-lime scries of garnots, by L. L. 
Fermor. 

On the chemical composition of the Deccan Trap 
jfiiows of Linga, Chhindwara distribt, Central Provinces, 
by L. L. Fermor. 

Miscellaneous Note;— 

Quarterly Statistics of Production of Coal, Gold and 
Petroleum in India: April to June, 1934, by L. L. 
Fermor. 

4 .—^Intioduetory note on the geolo^oalfoundaiaons of the soils 
of India, by D. N. Wadia, M. S. Krishnan and P. N. 
Mukerjee. , 

liKtecitasatiion of khondalite, by M. S. Fhishnan 
, Tjho snout of the Biafo glacier in Bsltistan, by J. B. 

.. ^ a isiffKimio. ammonite (manuoites dayiosi) • 

^Sm0t by l4. F. Spatib. 
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Miscellaneous Notes :— 

Quarterly Statistics of Production of Coal, Gold and 
Petroleum in India : July to September, 1934, by L. L. 
Fermor. 

On the probable underground occurrence of Tertiary 
rocks near Puri, by M. R. Salmi. 

On the Cretaceous and Eocene volcanic rocks of tbe 
Great Himalaya Range in North Kashmir, by D. N. 
Wadia. 


VoL. LXIX, 1935-36. 

I.— General Report of the Geological Survey of India for the 
year 1934, by L, L. Fermor. 

Primitive fossils, possibly atreniatous and neotrema- 
tous brachiopoda, from the Vindhyans of India, by 
Frederick Chapman. 

Miscellaneous Notes : — 

Quarterly Statistics of Production of Coal, Gold and 
Petroleum in India : October to December, 1934, by 
L. li. Feimor. 

Additional note on the nomenclature of hollandite, by 
L. L. Fermor. 

PiAYt 2.- Traverses in the Himalaya, by J. B. Auden. 

Note on some Jabalpur plants from the Satpura Gond- 
mma basin, by H. Crookshank, 

Rhizomoym, Gothan and Sze and D{ctyoptfrid7um, 
Feistniantel, by H. S. Rao. 

On a sphaTOsiderite, containing a new species of 
Ladoxylon {D, [xtrbelietibe) from the Lower Gondwana 
coal measures of India, by H, S. Rao. 

On the earthcjuakes recorded by the pendulum seismo¬ 
graph at Shillong (Assam) from 1903 to 1921, by Charles 
Davison. 

Preliminary geological report on the Baluchistan 
(Quetta) earthquake of May 31st, 1935, by W". D. West. 

Miscellaneous Notes - 

Quarterly Statistics of Production of Coal, Gold and 
Petroleuiri in India : January to March, 1935, by L. L, 
Fermor, 
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Gypsum in the Upper Vindhyans of Rajputana, by M. S. 
Krishnan. 

Part 5.—The Mineral Production of India during 1934, by Sir Lewis 
Leigh Permor. 

India’s coal resources. (Being a note on the reserves 
available in India of good quality coal including coking 
coal), by Sir Lewis Leigh Fermor. 

The results of* low-temperature carbonisation of some 
Lower Gondwana Indian coals, by Sir Lewis Leigh 
Fermor. 

Attrition tests on stones used as road-metal in India, 
by M. S. Krishnan. 

James Malcolm Maclaten : Born 23rd October, 1873 : 
Died 14th March, 1935, by Sir Lewis Leigh Fermor. 

Miscellaneous Note :— 

Quarterly Statistics of Production of Coal, Gold and 
Petroleum in India, April to June, 1935, by Sir Jjowis 
Leigh Fermor. 

Tart 1. —^Buchanan’s laterite of Malabar and Kanara, by Cyril S. Fox. 

The solubility of quartz, by Cyril S. Fox. 

Note on an occurrence of natural gas at Gogha, liathia- 
war, by P. K. Ghosh. 

The Patwar meteoric shower of the 29th July, 1936, by 
A. L. Coulson. 

F'emom minitm: A revised classification of the 
oi^anie remains from the Vindhyans of India, by M. R. 
Sahni. 

Some ore minerals from Bawdwin, Shan States, by 
J, A. Dunn. 

Miscellaneous Note 

Quarterly Statistic of Production of Coal, Gold and 
Petroleum in India: July to September, 1935, by A. 
M. Heron. 


VoL. LXX, 1936. 

Quinquennial Review of the Mineral Production of 
India for tbe years 1929 to 1933, by th» DireOor and 
Smtior Qlioera tie Geological Surveg of India (fitd of 

fri04. 
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VoL. 71, 1036-37. 

Pait L —General Report of the Geological Survey of India for the 
year 1935, by A. M. Heron. 

The dyke rocks of Keonjhar State, Bihar and Orissa, 
by M. S. Krishnan. 

Miscellaneous Note :— 

Quarterly Statistics of Production of Coal, Gold and 
Petroleum in India: October to December, 1935, by 
A. M, Heron, 

Patt 2. —The Perpeti meteoric showei of the 14th May, 1935, by 
A. L. Coulson. 

The Tirupati and Bahjoi meteorites, by M. S. Krish¬ 
nan. 

Osfiea (Ciassosttea) gajenbh from near Baripada, Mayur- 
bhanj State, by‘P. E, Eames. 

The occin*rence of Maionidhun and Weiclmlia in India, 
by B. Sahni. 

On the supposed Cretaceous cephalopods from the red 
beds of Kalaw and the age of the red beds, by M. R. Sahni. 

Contributions to the geology of the Province of Yunnan 
in Western China : 9. The brachiopod beds of Liu-wun 

and related formations in the Shan States and Indo- 
China, by J. Coggin Brown. 

On the geological age of the Namyau, Liu-wun and 
Napeng Beds and of certain other formations in Indo- 
China, by M. R. Sahni. 

Miscellaneous Note :— 

Quarterly Statistics of Production of Coal, Gold and 
Petroleum in India: January to March, 1936, by A. 
M. Heron. 

Pari 3.—^The Mineral Production of India during 1935, by A. M, 
Heron. 

Marble of the North-West Frontier Province, by A. L. 
Coulson. ' 

Miscellaneous Note 

Quarterly* Statistics of Production of Coal, Gold and 
Petroleum in India; April to June, 1936, bv A. M. 
Heron. 
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Part 4,—Eichaxd DLxon Oldham : Born 30th July, 1858 : Died I5th 
July, 1936, by A. M. Heron. 

Notes bn the geology of the second defile of tlie 
Irrawaddy river, by E. L. G. Clegg. 

Discovery of Orhifolvia-hesLimg rocks in Biirniu : with 
a description of Orhitolina himanica. sp. uov., by M. K. 
Sahni. 

Note on rocks in the vicinity of Kyaukse, Burma, by 
E. L. G. Clegg. 

A Mesozoic coniferous wood (Mesembriofylo)} 
sp. nov.), from the Southern Shan States of Burma, by 
B. Sahni. 

Some foraminifera from Intertrappean beds near 
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INDEX MAP OF INDIA AND BURMA SHOWING 
MAPS PUBLISHED BY THE GEOLOaCAL 
SURVEY OF INDIA. 

The Index comprises four map sheets on the scale of 50 miles to 
the inch as under : — 

Sheet 1. —North-western India. 

Sheet 2.—North-eastern India and northern Burma. 

Sheet 3.--Southern India. 

Sheet 4.—Orissa and southern Bmma. 

On the Index map the limits of the areas covered by geological 
maps published by the Geological Survey of India are marked by full 
or broken lines in one of the three colours, green, red or blue. The 
following notation has been found convenient to show the respective 
scales of the published maps :— 

Maps less than 4 miles to the inch—Broken green. 

Maps 4 miles to the inch—Full green. 

Maps 8 miles to the inch—Full red. 

^Maps 16 miles to the inch—^Full blue. 

Maps 32 miles and more to the inch—Broken blue. 

The publication in which any particular map has appeared may¬ 
be ascertained as in the following two examples 

R. 54. 2 (in full red). This map is on the scale of 8 inches to the 
mile and was published in Records, Volume LIV, Pt. 2. 

39. 1 (in broken blue). This map is on the scale of 32 miles 
to the inch and was published in Memoirs, Volume 
XXXIX, Pt. L 

In addition a considerable part of India has been mapped on 
the scale of one mile to the inch. The majority of these maps have 
not published, but copies of some may be obtained from the 
Director, Geological Survey of India at the cost of the materials 
used and of the labour of hand reproduction. 
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GEOLOGICAL SURVEY OF INDIA 

THE ECONOMIC GEOLOGY AND MINERAL 
RESOURCES OF BIHAR PROVINCE 

By J. A. DUNN, D.Sc.. D.LC., F.G.S., F.N.I.. 

SuperintenJing Geologist, Geological Sarvey 0/ India. 


PART I.—ECONOMIC ASPECTS OF GEOLOGY IN BIHAR- 

CHAPTER I. 

INTRODUCTION. 

Object of the Memoir. 

A stiimnary of the known mineral resources of Bihar and Orissa 
was published by the Geological Soiwey of India in 1921. Since 
then (in 193G) Orissa has been separated from Bihar thus forming 
two provinces, and as a large amount of additional knowledge of the 
economic minerals of Bihar has accumulated, the condition of the 
mineral industry in this province has entirely changed. 

It has been the writer’s privilege, for some 20 years, to have 
been closely concerned with almost all aspects of the mineral industry 
and geological advice in Bihar. It has been su^ested that a moder¬ 
ately complete summary of the experience gained and of the views 
formed may be of value in these days of rapid development. In 
writing this account the primary object has been to make known 
the present actual position of the mineral industry and to indicate 
in which direction further development should be encouraged. In 
addition, the author has endeavoured to state, explicitly and un¬ 
equivocally wherever it has been possible, his opinion of the various 
TniuftTftl resources, based on his experience. 
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This account is written with the intention of providing informal 
tion from many points of view related to the industry. The pros¬ 
pector is informed of those minerals for which he may usefully 
search within the province, and he is given hints which, it is hoped, 
will help to guide him in his search. He is definitely informed of 
those minerals for which no market may be expected. The mineral 
industry is informed of the resources which each branch of it may 
expect to find available in the province, and information on related 
minerals may assist each industry to determine in which direction 
it may expand, or to what extent it may secure local supplies of 
materials which it may require in the furtherance of its main in¬ 
dustry. The research worker, it is hoped, will find information 
which will provide him with lines of enquiry to pursue in support 
of the mineral development of the province. 

Some aspects of the relation of the State to the mineral industry 
are reviewed. The mineral owners, whether they be zamindars 
or Government, may find herein information which will help them 
to a balanced appreciation of the real value of the mineral deposits 
which they may lease out. Not uncommonly, the monetary value 
of a mineral deposit has been grossly exaggerated and its proper 
development accordingly hindered. At times the intrinsic value of 
mineral occurrences has been under-appreciated and Government, 
in particular, has not obtained that revenue to which it should have 
been entitled. 

The author has endeavoured to place on record also his views 
on such matters as rents, royalties and taxation affecting mineral 
development, and on geological questions affecting engineering, 
forestry and agriculture in Bihar, so that district officers and Govern¬ 
ment officials of various departments may find herein information 
which may prove a helpful guide in their work. To such officials, 
however, the fact must be stressed that geological problems must 
be treated individually, and that the information provided should 
not be substituted for the services of a geologist. On the contrary, 
it is hoped that this account wiU lead to an increasing use being 
made, on the part of the provincial Government, of the experience 
and advice of the geolo^t in all questions related to the mineral 
industry 

A further object has been to provide information which will 
assist Government to a precise understanding of the exact capabil¬ 
ities of the province for further mineral development, and to 
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appreciate those minerals on which they should concentrate encourage¬ 
ment of further efforts, and those which they should ignore or leave 
entirely to industry to develop. The author’s views on the form 
which Government encouragement should take may, perhaps, be 
regarded as apposite. 

It is not possible to describe in great detail the large number of 
individual mineral occurrences within the province. Detailed 
accounts of them are scattered over many publications, relatively 
few of which are easily obtainable throughout the province. However, 
the works listed in the Bibliography provided at the end of the 
account of each mineral, may be consulted by those who are anxious 
to obtain a more complete knowledge of individual mineral deposits. 

By a judicious use of the Locality Index readers should find it 
possible to obtain full information on each district, locality, and 
mineral. The writer is indebted to his colleague. Dr. L. A. N. Iyer, 
for checking the coordinates and preparing the Locality Index. 

The memoir has been divided into two parts, Part I dealing in 
general terms with the economic aspects of geology in Bihar, Part II 
dealing only with the mineral occurrences. Chapters on Physio¬ 
graphy and Geology in Part I may at first be thought a little too 
theoretical for a work of this nature, but some knowledge of these 
two subjects is essential if the varied applications of geology to 
engineering, agriculture, forestry and industry generally are to be 
appreciated. No connected account of the physiography of the 
province has ever been attempted previously, but the subject is 
assuming increasing importance. 

The memoir will illustrate, perhaps, the very wide range of inquir¬ 
ies which the geologist is expected to undertake. In India, there has 
been little opportunity for specialisation in certain branches of geology 
mainly because the number of geologists available is so small, but such 
specialisation would be advantageous in the future, and would limit the 
work of individual geologists to inquiries with which they can cope with 
greater authority. 

Growth of Bihar’s mineral industry. 

Bihar is easily the richest mineral province in India. This is 
true not only of the monetary value of the minerals produced hut 
also of the remarkable diversity of the minerals which are available. 
In Table 1 a list is given of the principal minerals produced during 
1939 of which records are available, and their value, the compara¬ 
tive totals for all India being also provided. For 1939, of a total 
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mineral production in India valued at Rs. 35,55,90,763 Bihar was 
responsible for 39'4 percent or Rs. 14,01,64,372. 


Table 1. —Production of principal minerals, 1939. 


Name oi 
Mineral. 


Tndt\. 

Tons. 

Rupees. 

Tons. 

Rupees. 

'1, Coal 

14,787,661 

4,84,02,895 

27,768,761 

9,87,23,916 

2. Pig-iron . 

760,360 (a) 

3,80,04,800 {a) 

863,058 

4,31,82,900 (a) 

3. Stee 

2P8,148 (a) 

3,99,51,832 (a) 

741,717 

9,93,00,078 ^a) 

4. Mica 

85,662 (ft) 

38,67,280 

139,758 (6) 

51,80,934 

5. Copper (le- 

6,535 

71,75,430 

6,536 

71,75,430 

fined.) 





6. Limeatono 

500,364 

6,61,258 

3,015,345 

46,55,813 

and kankar. 





7. Clayg> 

18,361 

2,65,159 

328,603 

5,24,909 
1,83,65,038 id) 

8. Manganese 

35,803 

8,33,587 (f?) 

814,663 

ore. 





9. Chromite . 

4,476 

1,01,218 

49,136 

6,35,511 

10. Kyamte . 

766 

11,490 

9,913 

1,65,351 

11. Steatilo . 

955 

5,591 

22,259 

2,03,841 

12. C4old 

.. 

.. 

314,515 (c) 

3,21,34,364 

}3. Saltpetre . ^ 

1,181 (e) 

{/) 

10,739 

if) 


(a) Bstiimated from Bihar ore. (6) In owts. (c) In ouneee.. (d) Export f.o.b. value, 
(e) Figures for the ofiBoial year 19^9-40, and include 717 tons from the Gorakhpur 
Circle. ' {f} Not available. 


It will be observed that a large part of the value of Bihar’s mineral 
production is represented by coal, and, indeed, it is apposite to 
remark that much of India’s industry, at least in the eastern part 
of the country, is based upon Bihar’s coal supplies, which have pro¬ 
vided adjacent manufacturing centres -with a remarkably cheap 
source of power. The fortunate circumstance that vast deposits of 
high-grade iron-ore occur within the bounds of the same province 
have permitted the rise of a great and important industry—^iron and 
steel smelting—at two centres, one at Jamshedpur within the pro¬ 
vince, the other near Asansol just over the border of the province, 
in Bengal! In 1910 the site of Jamshedpur was an expanse of jimgle 
at the confluence of two rivers, the Kharkai and the Subarnarekha, 
overlooked to the north by the great mass of Dalma hill rising to 
3,000 feet. To-day, in spite of the atmosphere normally associated 
with such a smelting industry, the site is covered by a model town, 
a credit to India, and occupied by about 100,000 people. Around 
the smelters at Jamshedpur have grown several subsi^ry industries 
and the town is rapidly expanding, but even to-day it is the greatest 
metallurgical centre in Ihe country. 
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"Within the province, near Ghatsila in Singhbhum, there is also 
the only copper smelting industry in India, suppljdiig a large propor¬ 
tion of the country’s demand for brass. 

From the central part of the province, in Hazaribagh district 
particularly, comes most of the world’s production of the better 
grades of mica and of mica splittings; indeed it might be said that 
Biliar holds control of the world’s supply of mica. In recent years 
the production of mica from Bihar has risen to nearly three times 
its total of 25 years ago. 

These are the main mineral industries, providing work for many 
thousands of people, and aiding in the fundamental development 
of the country. Their value is to be counted ultimately not in the 
bare quotations of selling prices or pit’s mouth values of the minerals, 
but in the deep-rooted and widespread effect which they have on 
India’s other industries, and on the ever-improving welfare, health 
and standard of living of the people and the capacity of the country 
to expand its resources in other directions. Even the commoner 
minerals are playing their part, such as the rocks which provide 
material for constniction of the gradually expanding road system, 
and for the greater part of our building construction. It may be 
said with truth that India lives on her agricultmre but develops on 
her minerals, and to this development Bihar offers the greatest con¬ 
tribution. 
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CHAPTER II. 

PHYSIOGRAPHY. 

The description of the physiography of Bihar, whioh follows, is 
perhaps fuller than might be expected in a work of this nature. 
There has, however, never been any serious attempt to study the 
crustal movements of this region as a whole. The author has pre¬ 
viously written two brief accounts of movements in Singhbhum and 
across the northern edge of the Chota Nagpur plateau. No other 
accounts are available. 

Of recent years the examination of stream and river activity, 
of soil erosion and climatic conditions have become of increasingly 
greater importance to those interested in engineering, forestry, and 
agriculture. Some understanding of the causes underlying stream 
activity and land surface movements is essential, and it is hoped 
that the following outline will serve as a stimulus to an intensive study 
of the movement of streams and land surfaces throughout the pro¬ 
vince. It would form a lifetime study for several geologists, and if 
the work were done in collaboration with engineers, foresters, and 
agriculturists, valuable results should accrue. It is a study, however, 
in which logical and clear thinking is essential, in which pre-con- 
ceived ideas must be brushed aside, and will require a prolonged 
personal and detailed acquaintance with the whole pro^dnce, 

Bihar province extends from the foot of the Himalaya for a 
distance of some 360 miles to the south, and has a maximum east- 
west width of about 290 miles. This area may be divided into two 
major parts: (1) The vast Gangetic plains of North Bihar, and (2) 
the plateaux, plains, and dissected country of Central and South 
Bihar or Chota Nagpur. 

The Gangetic plains consist of alluvial deposits which extend 
to a variable but unknown maximum depth. Their greatest depth is 
thought to be at least 6,000 feet but other estimates have multiplied 
this more than five times. The deepest part appears to form a 
trough extending W. N. W.—B, S. E, through Motihari. South 
from this, the alluvium gradually thins until it abuts against the 
rock outcrops forming the edge of the Peninsula, south of the Ganges. 

This alluvial material has, undoubtedly, been shed mainly from 
the towering Himalaya to the north, but partly from the lower-lying 
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Teiuiisular surface to the south. The mechanism by which such a 
great depth of alluvium can have accumulated has, however, been 
variously interpreted. Briefly, the various interpretations may be 
grouped into (a) the infilling of a pre-existing great depression and 
(6) the accumulation of sediments on a gradually or intermittently 
subsiding surface. The latter view is that which has been largely 
accepted to-day. 

The Gangetic plain is traversed from east to west, in its southern 
part, by the Ganges. North of the Ganges the plain is traversed 
by a series of south-flowing tributary streams. All of these streams 
have their headwaters in the Himalaya and. before they debouch 
through the hills, have a steep gradient, are torrential, and carry 
a heavy load of sediments. On emerging from the hills the gradients 
suddenly flatten, the swiftness of the current is checked, and, unable 
to carry the same load, the streams tend to deposit their sediments. 
In times of flood the flat-graded stream channels are unable to carry 
within their banks all the water which debouches through the hills 
and the flood-waters, which spread far beyond the river banks, 
deposit their load of sediment over the surrounding country. 

Partly in consequence of their flat gradient, the streams tend 
to take a pronounced meandering course, thus still further reducing 
their gradient and lowering their capacity for holding the run-off 
between their banks. Hence, in times of flood, there is a constant 
tendency for streams to change their courses, to cut across the 
meanders* and to split into several channels. In this way part of the 
surface alluvium is itself being redistributed. 

Without some subsidence streams of such gentle gradient) cannot 
indefinitely continue to build up sediments over such a wide area of 
country, and the tendency as a whole, in this area, must be towards 
gradual or intermittent sinking, keeping pace more or less with 
deposition of sediment. It must not be supposed however, that no 
uplift takes place also—it is possible that periods of slight uplift 
may alternate with periods of greater subsidence. Such uplift, if 
widespread, would tend to cause scouring of river beds. 

A study of the river and surface characteristics, from the foot 
of the Himalaya to the Ganges, suggests that, at the present day, 
the general tendency is for uplift' north of a line joining Motihari 
and Puxnea, and subsidence south of that line. North of this line 
the alluvium has an aspect different from that to the south; it is 
commonly more conglomeratic (particularly north of Pumea) and 
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is a dibtinctly older land surface standing at a definitely liigher level 
Apart from major rivers like the ICosi, streams here show less 
tendency to floodiiig, and prefer rather to scour their beds and banks. 
In this way, particularly in the valley of the Kosi some of the older 
alluvial surface has been removed and redistributed downstream. 
South of the Motihari-Purnea line the streams, including also the 
Ganges, tend to flood and to deposit sediment. 

It would appear, then, that the northern part of the alluvial plain 
is now tending to rise along with the Himalaya to the north, the 
southern part, up to the Ganges, is tending to sink. Wo will see 
later how this is just a part of a more general movement between 
the Peninsula and the Himalaya. 

Prom a geological map of India it will be seen that the north- 
cast corner of the Peninsula, as indicated by rock outcrops, is re¬ 
presented by the Rajmahal hills. These hills form a scarp on 
their western side, but slope away in the form of a plateau dipping 
below the Gangetic alluvium towards the east and also to the north. 
The western and southwestern side of this plateau has been dis¬ 
sected, indicating uplift there, whereas the eastern and northern 
sides, dipping flatly below the alluvium, indicate tilting and sub¬ 
sidence in that direction. In other words the Rajmahal hills re¬ 
present a hinge zone, between uplift to the southwest and subsidence 
to the east and north. 

If a traverse is made south from Bhagalpur or Monghyr, the 
Gangetic alluvium is seen to thin out quickly, and the surface of 
gramte and metamorphic rocks rises gradually southwards. Project¬ 
ing above this surface there are, however, ridges of resistant rocks, 
but the general character of the country is that of an old plain surface. 
Southwards, however, e,g. south of Dumka and Jhajha, signs of 
dissection of this old surface become noticeable, river gradients 
steepen, streams are cutting downwards, and the topography is 
much younger, eloquent of fairly recent uplift. 

Further west the change is more pronounced and in Hazaribagh 
and Gaya districts there is an abrupt contrast between the southern 
thin edge of the Gangetic allunum and the highly dissected edge of 
the 1,250 feet plateau stretching from Chauparan and Kodnrma 
towards Giridih. In the east-west belt of country to the north of 
Kodarma the streams are rapidly cutting downwards, and although 
the level of the intervening ridges remains at 1,250 feet, the whole 
belt has been dissected in a most remarkable fashion. The 
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headwaters of these streams are extremely active and are rapidly cutting 
back into the plateau, remo^dng the old soil surface and forming 
widespread bad-lands along the edge of the plateau. These bad¬ 
lands merge into the deeply dissected belt to the north. 

The whole of this dissected belt is clear evidence of compara¬ 
tively recent uplift. The streams and rivers dissecting this belt 
are carrying away an immense burden of sediment. Uplift* has 
been in stages; alluvium deposited during earher stages of uplift 
at the debouchment of the rivers has since been deeply scoured and 
left as high terraces and cliff faces : excellent examples of these can 
be seen east of Dabaur on the Kodarma—Patna road. The manner 
in which some of the larger streams now tend to deposit sediment 
immediately within their debouchment suggests that, just at present, 
there is a reversal of movement, subsidence, at the extreme northern 
edge of the belt. 

Further west we find that this dissected scarp swings round to 
form the southeastern side of the Ron Valley. But across the Ron 
we find that there is an abrupt difference in elevation between the 
Kaimur plateau and the Gangetic plains to the north; the edge 
of the plateau is a precipitous scarp from which the streams emerge 
through steep gorges. The juvenile character of the plateau-edge 
topography contrasts strongly with the old gently undulating surface 
of the plateau-top and there has clearly been uplift here. 

Eeviewing, then, this part of the northern edge of the Peninsula, 
we notice a gradual easterly and northerly slope of the old land 
surface in the northeast corner, towards and under the alluvium. 
As we go west, however, the rise southward becomes more abrupt, 
culminating in the Kaimur scarp. It cannot be said with certainty 
that the uplift to the south took place anywhere along a fault, abrupt 
warpmg, increasing westward, is sufficient to explain the phenomena. 
Present scarp edges are not necessarily warp or fault lines—denuda¬ 
tion may have removed these; for example the zone of differential 
movement on the north side of the Kaimur plateau is now below 
the alluvium in consequence of denudation along the edge of the 
plateau. 

We may now turn our attention to the eastern edge of the prov¬ 
ince. Extendmg from the southwest corner of the Rajmahal 
hills towards Paxasnath and the northeast comer of the Hazari- 
bagh plateau, there is a tract of elevated country from which the 
surface tends to fall away to the northwest and southeast. Gertain 
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rivers rising to ike north cut through this tract and there is much 
scope for the investigation of their history. To the southeast the 
surface gradually slopes towards the Gangetic alluvium. Just east 
of the Bihar border, in Bengal, the Gangetic alluvium is edged by 
laterite and certain grits and gravels, which may be Tertiary in 
age. These form gently undulating low ridges, typical of an old 
land surface. Further west, the suiface remains undulating, but 
rises gently and river gradients become steeper, until, eventually, 
the point is reached where they emerge from the eastern scarp of 
the Chota Nagpur plateau. 

Hence, between the Bengal border and the Cliota-Nagpur plateau 
there is a belt of country sloping east, an old land surlace not far 
off base level, and showing some signs of uplift to the west. But 
in south Manbhum the surface rises rather more rapidly and we 
get increasing signs of recent rejuvenation of dissection, culminat¬ 
ing in the great range, rising to 3,000 feet, which extends east from 
the dissected southern part of the Chota Nagpur plateau, along 
the border between Singlibhum and Eanchi and Manbhum. This 
great east-west range may be called the Dalma range after its domi¬ 
nant hill, Dahna, north of Jamshedpur. 

Along neither the north nor the south flanks of Dalma range is 
there any sign of normal faulting. Geologically, however, we find that 
its backbone consists of a great thickness of very resistant old lavas. 
There may be other explanations, but the evidence would suggest 
that this is a residual ridge left in consequence of its resistance to 
denudation. On either side are easily denuded phyllites and mica- 
schist. Along it are sometimes found small lateritic plateaux or 
relatively level surfaces, usually at 2,000 feet but one occurs at 3,000 
feet, indicating old land surfaces. One of the most notable features 
is the manner in which the Subarnarekha river cuts across the range 
northwest of Jamshedpur. Several explanations may be made of 
this, but the most probable appears to be that the Subarnarekha 
is a very old stream, dating back to early Tertiary times before the 
present land surface commenced to be sculptured. It may be 
noticed that where the Subarnarekha cuts across the line of the 
Dahna range the lavas of the range have been denuded down to 
the level of the mica-schist plains for a strike distance of several nules. 

South from the Dalma range are the undulating plains of Singh- 
bhum with high residual lulls projecting above them. On their eastern 
side, aloaag the vdley of the Subarnarekha, these plains slope towards 
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the coastal alluvium, but here, along the Subarnarekha itself, there 
is clear evidence of sudden uplift to the west. Along the edge of 
this alluvium there are coastal or shore line deposits of Tertiary- 
gravels, standing at !:^50-350 feet above sea level, indicating recent 
uplift of the whole area since deposition of these coastal sediments 
amounting to perhaps 400 feet. Immediately to the west of the 
Subarnarekha, west of ilosaboni mines, there is evidence of an earlier 
abrupt uplift of al^out 300 feet; south of Manpur, in Dhalbhum 
there are small laterite-capped plateaux standing above the Singhbhum 
plains, which clearly indicate this uplift. Hence the total uplift 
in eastern Singhbhum, since deposition of the late Tertiary gravels, 
is approximately 700 feet. 

West from Chakradharpur and Chaibasa, the surface rises 
abruptly, thus continuing southwards the dissected eastern edge 
of the Chota Nagpur plateau in the north. Further south, this 
becomes a well-defined scarp on the east side of Noamundi mine 
and can be followed south through the Eastern States across the 
Mahanadi and down through Orissa. 

The Chota Nagpur plateau now remains to be described. This 
plateau may bo divided into several parts. The main plateau stand¬ 
ing at a general elevation of 2,000 feet, may be referred to as the 
Ranchi plateau, a region of flat or gently undulating country, with 
occasional residual ridges and, in the west, small residual plateaux 
rising still higher to 3,000 feet. To the north, isolated from the 
Ranchi plateau hj the Danmda valley, is the small Hazaribagh 
plateau. South from latitude 22° 50', extending across south Ranclii 
district, and continuing south tlirougli Singhbhum into the Eastern 
States, is a dissected region which is really a prolongation of the 
Chota Nagpur plateau. This dissected region forms rugged Mil 
country with typical mountain scenery of turbulent streams, steep 
hill sides and cliffs, an<l narrow valleys. The reason for tMs dissec¬ 
tion in the south is partly because the rocks there are of a type more 
readily susceptible to erosion; it is possible, also, that a greater 
rainfall hero may have helped, although on the other hand increased 
rainfall may have arisen from dissection and forestation. 

The whole plateau represents an old land surface, rising above 
which there are residual hills and ridges of resistant rock-masses. 
In the west there are several small plateaux rising a further 1,000- 
1,200 feet above the Chota Nagpur plateau, and representing a still 
older land surface which is now almost completely obliterated. 
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The Chota Nagpur plateau is being snbiected to rapid erosion 
all around its edge. It is a region of uplift, the differential move' 
ment along its northern and eastern sides is appioximately 800 to 
1,000 feet. The Netarhat and other plateaux west of Lohardaga 
were formed by a still earlier general uplift of at least 1,000 feet^ 
the older land surface being almost completely removed before the 
later movement took place. 

It is now possible to outline the age and extent of the successive 
movements which have taken place in South Bihar. Capping the 
Netarhat group of plateaux is a layer of Deccan traps which, however, 
have been largely altered to lateiite. These traps are, approxi¬ 
mately, of the same age as the Eajmahal traps which, we have already 
noted, tilt below the Gangetic alluvium at the northeast corner of 
the Peninsula. We are justified in supposing that these lavas, 
originally, were poured out at approximately the same level over 
an old pre-Tertiary peneplained land surface. So far as the eastern 
part of the Eajmahal hills is concerned these lavas can never 
have been uplifted, as they have not been subject to erosion; they 
may have suffered depression. The whole area, across from the 
Eajmahal hills to Netarhat, is indicative of uplift; the erosion of the 
successive plateaux could never have been formed under widespread 
depression. We may, therefore, accept the original level of the 
pre-Tertiary peneplain as being rather lower than the present level 
of the base of the lavas along the western scarp of the Eajmahal 
hills. 

Subsequent to outpouring of the Deccan trap there was prolonged 
erosion, and uplift to the extent of about 1,000 feet in western Chota 
Nagpur. This uplift permitted the development of a widespread 
peneplain, 1,000 feet below the lavas in western Chota Nagpur, 
and remnants of the latter were left as small plateaux in the west. 
This peneplain was being formed throughout the greater part of 
Tertiary times. 

Next, in the latter part of the Tertiary period, uplift was renewed 
to the extent of about 1,000 feet in western Chota Nagpur, but in the 
form of a block movement with sharp warping along a north-south 
line which is now represented by the eastern edge of the Chota 
Nagpur plateau. At the same time a trough developed along the 
valley of the Damuda, presumably due to faulting, cutting off the 
small Hazaiibagh plateau to the north. Along the northern side 
of the plateau the movement was more of the nature of a tilt, the 
surface eloping more gradually down towards Kodarma, 
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Since this late Tertiary differential block movement, uplift of 
the whole western region has continued to the extent of a further 
700-1,000 feet. This latter movement has given rise to a tilting 
of the land surface east from the edge of the Chota Nagpur plateau 
to the coastal alluvium, and northeast towards the Kajmahal hills; 
onlv the western side of the latter shows evidence of this final movement. 
In consequence of the gentle character of this final tilting there 
has been less tendency for vigorous erosion in the plains east of the 
Chota Nagpur plateau than along the edge of the plateau itself. 
Along the northern side, however, the tendency west of the 
Rajmahal hills has been towards a steepening of the tilt, culminating 
in the sharp warp represented by the fall in elevation from 
Kodarma to the plains of Gaya, and this characteristic continues 
across to the scarp face of the Kaimur plateau. 

Stages of this final movement are represented by the small 
plateaux south of Manpur in southern Dhalbhum, and by the 
elevation of the late Tertiary coastal gravels in eastern Dhalbhum, 
The movement still persists in the form of a gradual rise of the 
whole landmass south of the Gangetio alluvium. 

Examining broadly thcvse Tertiary to Eecent movements in the 
whole of Bihar, we note that there has been a definite subsidence to 
the north and northeast in the region of the Ganges, North of 
the Gangetic plains, there has been vast uplift in the Himalaya. To the 
south and southwest there have been stages of uplift totalling nearly 
3,000 feet. In a northeasterly direction the hinge zone between 
uplift and depression has been the Rajmahal hills. In a northerly 
direction it has been along the southern side of the Ganges. This 
northern hinge zone is gradually creeping southwards, however, 
and there are signs that depression has set in just within the edge 
of the Kodarma scarp. As a parallel to this southerly creep of the 
hinge zone, we have seen that the tendency also is for the northern 
part of the Gangetic alluvium to be uplifted. Stating these tenden¬ 
cies more picturesquely, we may say that the uplift which gave 
rise to the Himalaya is tending to encroach southwards, as also is 
the subsidence of the Gangetic plains. 
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CHAPTER III. 


QEOLOQY. 

To the geologist, mineral deposits are known to occur not entirely 
haphazardly. There is a connection between the geology of a region 
and the types of minerals which may be found in different parts of 
that region. With a knowledge of the geology, although it may 
not be possible to assert that certain minerals do occur in particular 
areas it is possible to say that certain minerals cannot possibly occur 
there. Frequently, one may even be in a position to advise that 
the geology is favourable to the occurrence of certain minerals in 
definite areas. A knowledge of the geology does, accordingly, narrow 
the area of search for particular minerals very materially. 

The physiographical division of the province is related, to some 
extent, to the geology. In the north, the Gangetic plains are, of 
course, typical of alluvial country. South from these the surface 
rises from the plains to the Chota Nagpur plateau which, with the 
lower plains to the east, consists of granitic rocks with associated 
metamorphie and basic igneous rocks, and in which are large areas 
of sedimentary rocks constituting the coalfields. The southern 
dissected hilly part of the province is mainly of altered sedimentary 
rocks. 

Arranged in order of age, youngest to oldest, the following are 
the main geological formations represented in Bihar:— 


Alluvium. 


Laterite. 

Late Tertiary gravels. 
Siwaliks, 


Rajmahal and Deccan trap, 

Infratrappean beds. 

'"Mahadevas, supra Panchets. 
Panchets. 


Gondwanas 


Damodar Series 


TRaniganj coal measures. 

J Ironstone shales, Barren 
I measures. 

(^Barakar coal measures. 


Talchirs. 
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Vindhyans. 

Newer Dolerites. 

Kolhan Series. 

Granite and related rocks. | 

Iron-ore Series, including other sedi- >Archean. 
naentary and igneous schists of 
probably equivalent age. ^ 

In the map accompanying this memoir, several of these forma¬ 
tions have been grouped together, as merely a simple geological map 
is required to show the relation between mineral and rock 
distribution. 

The Archean rocks occupy more than nine-tenths of the province 
south of the Gangetic alluvium. Cropping out over the remaining 
one-tenth are the Gondwana sediments, which constitute the coal¬ 
field basins, with, in addition, small areas of Vindhyans and Deccan 
traps on the west and Kajmahal traps on the east. The Archeans 
form a basement underlying all of these later rocks. 

The general strike of the structural lines in the Archeans is 
normally east-west, except in Singhbhum, near the southern border 
of the province, where the rocks east and west of longitude 86°00 
trend southeast and southwest respectively. 

The Archeans may be divided into two main rook groups: (I) 
sedimentary rooks with which are associated both extensive lavas 
and intrusive basic igneous rocks, and (2) widespread granite intru- 
sives. The latter are dominant east and west across the centre of 
Chota Nagpur, whilst the sedimentary and basic igneous group 
becomes important in northern and southern Chota Nagpur. 

The northern sedimentary belt first becomes evident south of the 
Ganges, by ridges of quartzite and quartz-schist which project above 
the aEuvium in Gaya and Monghyr districts. These are usually 
accompanied by slates and phyllites. Further south, within the 
dissected northern edge of the Chota Nagpur plateau, mica-schists, 
quartz-schists and hornblende-schists occupy a wide belt of country, 
but they are permeated by innumerable intrusions of granite. 
Over a considerable area the original granitic magma had soaked 
thoroughly into the mica-schists, thus giving rise to hybrid rock 
types. Very little detailed geological mapping has, as yet, been 
done in this belt and the map is here rather generalised. 

Further south, rising towards the Hazaribagh plateau, occasional 
belts of mica-schists, quartz-schists and hornblende-schists occur, 
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but they diminish in area southwards and, apart from small inclu¬ 
sions, the whole central plateau across Ranchi district is granitic. 
Along the upper Damodar valley, and extending west across the 
Koel in Palamau, there is a belt of sediments, including crystalline 
limestones, in the granitic rocks. 

The sedimentary group is best known, and perhaps best devel¬ 
oped, in the southern part of the province, in south Ranchi, south 
Manbhum, and Singhbhum. Here, the group is known as the Iron- 
ore Series, and contains rocks representative of all grades from rela¬ 
tively un metamorphosed to highly metamorphosed t}rpes: sand¬ 
stones, conglomerates, quartzites, quartz-schists, phyllites, garnet- 
mica-schists, limestones, calc-schists, banded hematite-quartzites, etc. 
The associated basic lavas and intrusive rocks are now altered 
to epidiorites, hornblende-schists, biotite-schists and talc-schists. 
Within the Iron-ore Series, and more particularly within the banded 
hematite-quartzites, are the great iron-ore deposits from which the 
Series has derived its name. 

We do not yet know what the relation is between the Iron-ore 
Series of southern Chota Nagpur and the schists of Hazaribagh, 
Gaya, Monghyr and Santal Parganas. Both groups are older than 
the more widespread granite intrusives and both possess many 
characteristics in common; it is not improbable that the northern 
group may belong to the Iron-ore Series. 

The great mass of granitic rock which extends across the central 
part of the province, and penetrates also the schists to the north 
and south, is known as the Chota Nagpur granite. Certain isolated 
areas of this granite have been given distinguish i ng names, e.g,^ the 
Singhbhum granite extending southeast from Chaibasa into Mayur- 
bhanj and Keonjhar, and the Chakradharpur granite-gneiss east and 
west of Chakradharpur. In the past, because of its peculiar mode 
of denudation and weathering in northern Chota Nagpur, it has 
been known as the Dome gneiss. 

The Chota Nagpur granite is sometimes gneissic or schistose, 
more particularly towards its borders, and it is frequently contam¬ 
inated by the absorption of included schistose material, AH stages 
between inclusions and completely absorbed material may be seen, 
and the gneissic banding in the granitic rock is really a ghost struc¬ 
ture of the trend lines in the original schists. 

The granite varies from a biotite-granite to hornblende-granite. 
These also vary widely from fine to coarse grained and are 
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occasionally coarsely porphyritic, witli crystals of felspar several inches 
across. Veins of pegmatite are commonly associated with the Chota 
Nagpur granite, and, where these pegmatites penetrate the mica- 
schists of Hazaribagh, Gaya, and Monghyr, they contain in places 
large crystals of mica. 

It is probable that the granitic rocks of Biliar are not all of one 
age; there is evidence in Singhbhum rhat certain granitic rocks, 
known as granophyres and soda-granites, to which the copper 
deposits are related, may possibly be later than the greater mass of 
granites. 

Originally, the whole of the sedimentary rocks of Singhbhum 
were grouped with the Iron-ore Series, but recently a group of sand¬ 
stones, conglomerates, shales and limestones, known as the Kolhan 
Series, has been found to be much later in age than the Iron-ore 
Series proper, and later even than the Singhbhum granite. It is 
not yet certain whether the Kolhan Series should be classed as 
Ajchean, or grouped with rocks known as Cuddapah in other parts 
of the Peninsula. The actual delineation of the boundaries of the 
Kolhan Series has not been completed as yet, and, apart from the 
eastern and southern boundaries of the main Kolhan basin south of 
Chaibasa, the western and northwestern boundaries still remain to 
be separated from the Iron-ore Series. 

Intrusive into the Singhbhum granite, and also into the Iron-ore 
Series, there is a remarkable group of basic igneous dykes, which 
have been called the Newer Dolerites. Their exact age is indeter¬ 
minable; although perhaps of Cuddapah age it is by no means 
impossible that they are related even to the Deccan traps. In 
places they have suffered some metamorphism, but now that we 
are beginning to appreciate the extent of Tertiary earth movements 
in this part of the Peninsula, occasional metamorphism of originally 
deep-seated Deccan trap dykes may not be unexpected. However, 
they are exactly similar to another suite of dykes in Bundelkhand, 
Central India, which are definitely pre-Vindhyan in age. 

The Vindhyan locks are confined to a small area in the extreme 
western part of the province, between Sasaram and the Son river, 
forming the eastein end of the Kaimur plateau. They comprise 
sandstones, quartzites, limestones, dolomitic limestones and shales. 
These locks geneiaJly are horizontal, and crop out as precipitous scarps 
around the edge of the Kaimur plateau. The following, according 
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to Auden, is the sequence of these rocks in Bihar, with average thick¬ 
nesses : 


f upper K.iimur sandstones . 
Kaimnr Sciios Bijaigarh shales and quartzites 
Lo-^v or Kaimnr sandstone 


600 feet. Top not seen. 
200 „ 

150 „ 


[ Rohtas limestone 
Semri Series . -{ Kheinjua stage . 

[_ Porccdlaiiitt' stage 


500 feot. Base obscured. 
Chiekn'^ss not known. 

? 


The piincipal basins of the Gondwana rocks are distributed in 
an east-west belt, parallel to the general structural trend of the 
Axcheans, and conforming approximately to the direction of the 
Auranga and Damodar valleys, from the Hutar coalfield in the west 
to the Jharia and Eaniganj coalfields in the east. There are, 
however, other basins of Gondwanas off this main line of strike, 
some of which, such as Giridih, are important coalfields. The 
dominant rock in which the coal seams occur is sandstone, but shales 
are also abundant. 

The following is the sequence given by Fox and Gee, of the 
Gondwana rocks in Bihar :—- 


Kaniganj field. 


Jharia field. 


P a n c h e t ^ Hirapur stage . 
Series. i Maitur stage . 

Slight unconformity. 




(Not represented. 


R a n i g a n j 
S o r i e s.-J 
3,300 feot. 


■ Kumarpur sandstones 
Nituria coal measures 
Hijuli sandstones 
Sitarampur coal measures . 
Ethora sandstones , 


Ironstone f 

S h a 1 0 8,-( Ironstone (Kulti) shales . 
1,200 toet. L 

r Bogunia sandstones . 

B a r a k a r j Begunia shales 
S e r i e s-{ Begunia seam . 

2,100 feet. | Laikdih seam, etc. - 
Damagaria seam 


Lohpiti sandstones . 

Telmucha coal measuz^s 
Janidiha sandstones 
Murilidih coal measures 
Mahuda sandstones . 

Hariharpur carbonaceous 1 B a r r e n 
shales. ^ Me asures, 

Petia sandstones . . 1 2,080 feet. 

Shibbabudih shales , J 

Sitanala seam (No, XVIII)") B a r a k a r 
XV to XIII aoams, etc. > Series, 
Muraidih (1) seam .. J 2,000 feet. 


} K a n i g a n j 
Series, 
1,840 feet. 


Unconformity in which Karharbari stage may be missing. 


T a 1 c h i r 4 Talchir needle shales. 
Series, i Talchir boulder bed. 

Great unoonformity. 
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In the eastern part of the Santal Parganas the Eajmahal traps 
overlie the Gondwana sediments, which fringe the western edge of the 
lavas, but to the east the latter slope below the Gangetic alluvium. 
Dykes of related rocks dolerites, penetrate the coalfields sediments. 
Another intrusive rock, ultrabasic in composition and probably 
slightly earlier than the dolerites, has altered the adjacent coal to 
natural coke in many places. 

Towards the western edge of the province, in Ranchi and Palamau 
districts, certain small plateaux, rising to 3,000 feet, are capped by 
outliers of Deccan traps which are more or less equivalent in age 
to the Rajmahal trap. They are normally altered to laterite at 
the surface, accompanied by bauxite in places. 

The Siwaliks occur only at the extreme northwest boundary 
of the province in Champaran district, and consist of conglomerates 
and sand rock. 

Along the eastern border of Singhbhum, forming the edge of the 
coastal plains, certain gravels are thought to be of late Tertiary age. 

Laterite is found at various altitudes in the province, from the 
cappings on the 3,000 feet plateaux in western Ranchi and Palamau, 
down to the level of the laterites at 150 feet along the eastern side 
of the Rajmahal traps. Although some of the low level laterite 
may have been shed from the laterite which occurred at a higher 
level, for the most part both high and low level laterites are a special 
form of surface alteration of the underlying rocks. In the Rajmahal 
hiUs, laterites which occur at over 1,600 feet above sea level along 
the western scarp, slope gradually eastward to the level of the 
Gangetic plains. 

The Gangetic alluvium has, in the past, been divided into two: 
(1) older alluvium occupying the higher ground and containing 
coarse gravels with often much surface kankar, and (2) newer allu¬ 
vium, of silts and clays and fine sands. It is not at all im¬ 
probable that part of the older alluvium may be of late Tertiary age* 
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CHAPTER IV. 

GEOLOGY IN ENGINEERING, FORESTRY, AND AGRICULTURE 

Following the general outline of the physiography, crustal move¬ 
ments and geology within the province, it may he considered rele ant 
to indicate how this geological information can be applied to certain 
problems which may crop up from time to time. 

Underground water supply. 

The question often arises whether water can be obtained by 
sinking tube wells in certain regions. It may bo said at once that 
tube wells are effective only in alluvial country, and that over the 
greater part of Bihar, south of the Gangetic plains, boring for water 
is inadvisable. 

Tube wells consist of a number of lengths of wrought-iron tubes, 
varying generally from IJ inches to 8 inches in diameter in the case 
of shallower wells, but may be up to 16 inches for wells sunk to 
greater depths than 500 feet. Perforated sections, or strainers, 
along the tube tap the water-bearing sands at particular depths. 

For quite shallow depths a simple type of tube well may be 
used, in which the bottom strainer is fitted with a mild-steel wedge- 
shaped point, and the tube is driven down into the water-bearing 
strata in a manner similar to pile driving. Fig. 2 illustrates such 
a simple type. For deeper wells boring equipment is necessary, 
and various designs of tube well equipment have come into use. 

In shallow wells, where the water surface is not below 25 feet, 
suction pumps may suffice, but below that depth deep-well pumps 
are necessary. In good water-bearing strata an 8-inch tube well 
with 50 feet of strainer will yield 20,000 gallons of water per hour. 

Tube wells may be sunk, with more or less success, almost any¬ 
where in the plains north of the Ganges. South of the Ganges the 
possibility of using tube wells decreases as the alluvium becomes 
thinner approaching the rock outcrops to the so nth. Each case 
should be considered individually, a more precise general statement 
may be misleading. 

No detailed record of the sequence and distribution of the sands 
and silts constituting the Gangetic alluviuna of North Bihar, and 
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Eie. 2. Driven tube well (after J. B. Audenj. 
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tlie t 3 rpe of water they contain, has been compiled from the logs of 
tube wells so far sunk. Such a compiled record is advisable and 
should be maintained for future wells so that eventually clear advice 
can be given on the depths and distribution of certain types of 
water vithin the alluvium. 

Although in certain areas, particularly in Purnea district, the 
surface alluvium consists of a deep bed of sand, over the greater 
part of the Gangetic plains in Bihar a thick bed of loamy clay is at 
the surface. Infiltration of rain-water through tliis clay layer to the 
sands below must be negligible; the sands obtain their water supply 
either from areas where they reach the surface, or from rivers the 
sand beds of which may be deeper than the surface clay and may 
make direct contact with the underlying sands. It is apparent 
that over the greater part of the Gangetic plains the intake of the 
deep-seated water-bearing strata is not the immediate surface, 
but IS closer to the edge of the alluvium, and much of the water has 
travelled underground from as far afield as the United Provinces 
and the Punjab. 

There is evidence that at depths below 200 feet the water-bear¬ 
ing strata are under sub-artesian conditions. It is by no moans 
improbable that, at much greater depths than have yet been reached 
in Bihar, artesian conditions exist which would give rise to a flow 
of water at the surface. In a borehole at Lucknow in 1890 water 
flowed out at the surface from a bed at 1,200 feet. During and for 
some hours following the 1934 earthquake, water gushed out at 
the surface over a wide area of country, in many cases to a height 
of several feet. The water apparently came from a great depth, 
and the phenomenon suggests artesian conditions. 

The use of imderground waters in northern Bihar is in its infancy, 
but even at this early date the control of all tube wells should be 
placed advisedly under one authority. The ultimate flow of water 
that can be obtained from the deep-seated sands is determined not 
by the number of tube wells put down, but by the slow rate of imder¬ 
ground percolation over the whole area. This rate cannot be 
increased above a certain maximum. At present tube wells are 
required by the Public Health Department, the Agricultural De¬ 
partment, and by private interests. The latter cannot be per¬ 
mitted to put down an indefinite number of tube wells. The 
underground water supply is public property, in so far as it is an 
asset of the province as a whole, and every tube well is making use 
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of percolation from many miles around. Excessive extraction of 
water from many tube wells in limited areas may lead to compara¬ 
tive local exhaustion of supply. It would be advisable to institute 
a system of licensing early in the liistory of deep tube wells in Bibar, 
thus ensuring complete control in the future. In particular, atten¬ 
tion should be paid to a judicious spacing of wells. 

South of the Gangetic alluvium, only normal wide diameter 
wells are recommended. There may be a few isolated instances 
in which local deep alluvium, or a very deep capping of porous de¬ 
composed material granite, would permit the successful use of tube 
wells, but their location would be fortuitous. It is possible also 
that wide-diameter boreholes may. occasionally, be so fortunately 
placed in rock that they yield a good supply of water, but the chances 
against this are enormous. They have a slightly greater chance 
of success on the coalfields, and the western part of the Eajmahal 
hills, where they may penetrate into flat-lying Gondwana sedi¬ 
ments which may carry water along innumerable joints and faults. 
In the schists and gneisses, unless a borehole happened to enter 
some such structural feature as a porous shear zone or fault, it 
would be almost completely dry. In view of the cost of boring 
and the very slight chance of success it is not to be recommended. 

On the coalfields wide-diameter wells may be sunk not only 
in the surface soil cap but also in the sedimentary rocks with fair 
chance of success. On the granitic rocks, once the well has been 
sunk through the surface cap of soil and decomposed rock, there is 
normally little chance of obtaming water in the solid rock below, 
unless this happens to be closely fissured. In the schists, chances 
of success of wells vary according to the t 3 ?pe of rock penetrated. 

The water table in the granitic rocks follows the surface topo¬ 
graphy, but surface valleys and ridges tend to be flattened out in 
the underlying water table. In other words the water table is 
met with at a greater depth below surface on ridges than in valleys 
—^it may even reach the surface in the latter. The depth to which 
the surface soil and decomposed rock extends is extremely variable. 
In seekmg well-sites, thickness of soil cap and direction of drainage 
are a guide to some extent. Where such resistant features as a 
basic dyke, or a quartz veia, or possibly even a fault, may hold up 
the flow of sub-soil water, there, a good weU-site may be sometimes 
located. Such a site, along the bank of a stream where there is a 
good depth of sand, is frequently ideal^ and may yield an excellent 
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quantity of water. Where, however, very large quantities of water 
are required then it is advisable to drive a gallery from the bottom 
of the well into the sands of the river bed. 

The above points may serve merely as an indication of the diffi¬ 
culties in approaching questions of underground water supply. 
The engineer is well advised, however, not to attempt to apply the 
general principles himself. Each case must be considered on its 
own merits by a geologist familiar with questions of water supply. 

Reservoirs and dam sites. 

The storage of bodies of water for irrigation and other purposes 
is one of the oldest engineering features of India. These storages 
vary from small simple village tanks (used frequently for irrigation 
as well as for drinking and washing purposes) to large reservoirs 
with masonry or concrete dams. In the future, as the population 
incrpasingly segregates into large town centres, it will become neces¬ 
sary to find storage for water supply to these towns. 

Bihar has the advantage of a plentiful rainfall and excellent 
reservoir sites distributed widely over the southern half of the 
province. It is particularly desirable, however, that a detailed 
survey of the water-storage possibilities of the whole province should 
be carefully made. Water-storage in Bihar is required not only 
by the local Government but also by the Bengal Government. The 
latter has in view sites not only along the Mor river west of Ruri 
but as far afield as the Barakar river south of Kodarma. Indis¬ 
criminate allotment of water-storage to each province without 
anticipating the general requirements of distribution in the future 
will eventually lead to difficult and perhaps grave problems. Even 
the water supply for Bihar itself requires careful consideration as 
to which sites should be reserved for irrigation, for town supply or 
for railway purposes. A definite plan of water conservation for 
the future has now become advisable. The institution of such an 
enquiry does not mean that expensive engineering projects will be 
involved. All that is required is for a thorough eApert examina¬ 
tion to be made of all the water-storage sites within the province 
and a plan to be drawn up of their allocation for definite purposes 
in the future* 

This is not the place to enumerate the water-storage sites within 
the province; too many factors of a technical character are involved 
which require the close cooperatioji pf engineer and geologist. Rivers 



GEOLOGY IN ENGINEERING, 


27 


cutting across residual ridges provide many sites. Rivers descend¬ 
ing from plateau scarps may even provide Lydro-electric possibil¬ 
ities. In the examination of a reservoii- project, apart from the 
water-lightness of the rcseivoir basin itself the main concern of 
the geologist is the dam foundation and the materials to be used 
in its construction. Frequently, the reservoir basin may be suitable 
but the site on which tlie dam is to be founded may possess weak¬ 
nesses. Such weaknesses may even mean that the project must 
be abandoned, but sometimes it may be i^ossible to design the struc¬ 
ture to avoid the weakness, or it may be possible to choose an 
alternative site. Occasionally it may be necessary to carry the 
foundations down to such a depth that the whole project becomes 
economically impracticable. 

For dam construction there is scarcely a site in South Bihar 
where suitable materials are not to be found close at hand. 

Railway alignments. 

There ha\e been instances, in Bihar, of railway alignments being 
chosen along wluch water supply difficulties were encountered after 
construction. Alternative alignments may have been possible 
along which water supply would be ample. In the preliminary 
survey work for railway alignments the geological aspect should 
always be kept in mind and advice sought on water supply, bridge 
foundations, safety of cuttings and tunnels, and the supply of build¬ 
ing materials. No detailed advice can be given here, but it may be 
insisted that engineers should make use of the geological knowledge 
available in the province. 

Road aligaments. 

The choice of aUgmnent of roads in such an area as South Bihar 
is often partly determined by the best sites available for bridges at 
river crossings. No detailed advice can be given, but here again 
geological opinion should be sought. In steep hill country geolog¬ 
ical advice may lead to the avoidance of sections susceptible to 
landslips. The availability of suitable road metals close to the 
road is also important. 

Earthquake areas. 

North Bihar is an area liable to disastrous earthquake shocks, 
and, as a consequence, susceptible to severe damage. The great 

9 



28 


DUNN : BIHAK EOONOMrC GEOLOGY. 


Biliar-Nepal earthquake of 1934. has shown how widespread tliat 
damage can be. 

In describing the physiographical development of Bihar, in 
Chapter II, it was noted that a severely contrasted movement is in 
progress between the rising Hmralaya to the north and the depressed 
northern edge of the Peninsula below the Gangetic alluvium, 
the latter movement being also connected with the uplift of the 
Peninsula further south. This sharply contrasted movement occurs 
along a line which follows the outer rim of the Himalaya, from 
Motihari through Siiamarhi, Madhubani, and towards Purnea. 
Periodic sudden relief to the strain set up by the movement mani¬ 
fests itself in occasional earthquakes. Tlie unconsolidated nature 
of the great depth of alluvium which covers the crust in this region 
does not tend to minimise in any way the severity of such shocks, 
which cause the whole surface to move both laterally and vertically, 
destroying anything erected upon it. 

Perhaps the simplest picture of what happens in this region during 
an earthquake is as follows: 

Pour into a large tin box a deep layer of sand, and mould this 
into depressions to represent rivers, lakes, tanks, and ditches, and 
elevations to represent railway and road embankuLcnts, river and 
field bunds and village sites. Then give the sand a severe shaking. 
The tendency will be for the depressions to become infilled by sand 
rising from the bottom and by their sides moving inwards, in conse¬ 
quence of the sand spreading laterally from the elevations. If the 
sand is moist it will be found that cracks will form and that lateral 
movement towards depressions will tend to be from such cracks. 

If a heavy block of stone is placed on the sand it will be found 
after movement that the block has sunk into the sand a little and 
is perhaps tilted. If two blocks lightly joined together are placed 
on the sand, after movement they will be found to have 
subsided differentially with perhaps fracture of the joint. 

And so we find, after a severe earthquake in this region, that 
river and lake banks and tank edges move inwards a few feet, and 
the bottoms of the depressions tend to rise. Eoad and railway 
embankments tend to subside and may even siuk level with the 
surrounding country. River bunds subside and may permit the 
streams to break through then banks. The surface is traversed by 
innumerable cracks which are often parallel to the banks of rivers 
^nd lakes or other depressions, or are concentric to heavy structures. 
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Structures built on or close to the banks of depressions are com¬ 
pletely destroyed mainly because of actual spreading of their founda¬ 
tions by lateral movement. Heavy large buildings, particularly 
those of two or more storeys, are often traversed by large cracks as a 
result of unequal vertical movement of the foundations beneath the 
heavy structures. Bridges are destroyed by inward movement of 
the abutments and lateral movement of the piers. No substantial 
structures in the vicinity of depressions can withstand these surface 
movements. Further away, on level ground without adjacent 
topographical features, even a light building may still be damaged 
by shaking, and if not well built, and particularly if the structure 
is tall, it may be destroyed by actual tumbling. 

It is apparent that buildings should, as much as possible in 
North Bihar, be kept away from the vicinity of surface depressions. 
Heavy two-storey structures should be avoided, and the foundation of 
each building should form a well-tied single unit. Eoofs should 
be kept as light as possible as the inertia of a heavy roof during an 
earthquake tends to destroy the walls. The use of hvit^M-pucca 
brickwork should be avoided, particularly in two-storey buildings. 
Fragile ornamentation, such as balustrades and projecting gargoyles 
and other excrescences, should be left out of the design of buildings, 
as they fall away during an earthquake and cause loss of life. 

In constructing railway and road embankments the material 
should, if possible, not be taken from borrowpits alongside the 
embankments; such pits tend to accentuate the elevation and permit 
the readier sinking of the embankments during earthquakes. For 
road bridges the all-steel screw-pile type is preferable as, although 
it becomes twisted, it is often negotiable after an earthquake and 
much of it can be salvaged. For heavier railway girder bridges, 
no design can possibly withstand a severe earthquake. 

In congested bazar areas, roads and lanes should be made as 
wide as possible so that they may not be blocked by tumbling debris; 
this is particularly necessary where tall buildings are customary. 
The retention of open spaces within bazar areas will help to reduce 
loss of life. 

It is becoming apparent that certain zones in North Bihar are 
more susceptible to the effects of earthquakes than are adjacent 
zones. As yet, however, our record of the distribution of earthquake 
damage in successive shocks is insufficient to permit any precise 
statements to be made. If the information were sufficiently 
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reliable it wouLl be possible to avoid the uioi‘c susceptible jsooes in 
deterininitij,^ the sites of future civil ]iead(|uarterB or large manufacturing 
centres. For tbe present, the distribution of damage during the 
1934 eaithquake may be taken as a reasonable guide. A detailed 
record of this damage may be found in Memoirs of the Geological 
Survey of India, vol. 73. 

The study of the means by which earthquake effects may be 
reduced to a minimum is ahnost a subject in itself, and requires the 
cooperation of engineer and geologist. For Bihar, a summary of the 
point of view of the geologist has been provided by Dunn in the 
above-quoted memoir. 

Soils. 

From the point of view of origin, soils are of two types: (a) those 
consisting of material which has been transported from some distance, 
and (b) those formed by the alteration of the immediately underly¬ 
ing rocks. The former occur along the l)ottom of river valleys, 
the latter type (known as residual soils) are found on elevated tracts, 
h’lls and plateaux. 

The valley sediments will consist of a mixture of all the material 
brought down by the streams from the rocks of the watershed, 
although there may, of course, be some tendency for sorting of these 
sediments according to grain size and specific gravity. With the 
admixture of sandy material from sandstones, quartzites and granites, 
with clayey material from shales, phyllitcs and lavas, the tendency 
along the valley bottom is to the accumulation of light loamy soils. 
In such cases, however, where the streams traverse only siliceous 
rocks or rocks which provide a clay soil, there the sediments can only 
be sands or clays respectively. Over the greater part of Chota 
Nagpur the streams are draining granitic rocks, so that the sediments 
are mainly sandy. Clayey silts do increase in the lower reaches, 
however, in consequence of sorting. In North Bihar the surface sedi¬ 
ments usually form a loamy clay, with occasional stiff clays, but over 
wide areas, particularly ^across the Kosi river and over Purnea 
district, there are extensive beds of fine sand. In northern 
Pumea the surface is widely covered with an unconsolidated 
conglomerate of coarse pebbles. 

Away from the valleys the soil forms merely a cap of varying 
thickness, and results from alteration of the rocks below, so that the 
nature of the soil will depend on those rocks. The granite which is so 
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widespread in the central and southern part of Bihar, gives rise to a 
rather coarse sandy soil with just sufficient clay to hold it together. On 
the plateau country this granite soil frequently contains a certain 
amount of iron hydroxide, which causes the soil in the dry season 
to set almost as hard as cement at the immediate surface. Such 
soils are not particularly fertile as a rule. They are frequently 
known as red soils ” and represent a very old soil surface. 

Over the mica-schists, which occur as patches of variable extent 
in the granite area, the soil cap is much more argillaceous. Owing 
to the ease with which these schists are eroded the mica-schist tracts 
are often deeply incised by small streams and the soil cap is much 
more rapidly removed and is thinner than over the granite. 

As a rule quartzites and quartz-schists do not form widespread 
outcrops, but usually project as elongated ridges. There is little 
or no soil cap on these ridges, but along their flanks the soil shed from 
them may be very sandy. 

The hilly coimtry of southern Chota Nagpur, including Singh- 
bhum, south Kanchi and south Manbhum, provides, perhaps, the 
most variable soil caps. Here, outcrops of granite, mica-schists, 
quartzites, phyllites, lavas, limestones and other rocks rapidly al¬ 
ternate. The granites and quartzites give rise to sandy soils; 
the mica-schists and phyllites to loams varying to clay soils; the 
lavas to heavy clay soils; whilst the small outcrops of limestone will 
give rise to calcareous soils. Sometimes these soil caps are sharply 
defined, and in places give rise to remarkable contrasts in vegeta¬ 
tion. The author has occasionally found it possible, for example, 
to map areas of phyllites within lavas by the clumps of bamboo 
jungle which grow on the phyllites and which stop exactly on their 
boundary. In other cases, the sal trees over ultrabasic igneous 
rocks burst into fresh leaf later than over adjacent phyllites. Sal 
jungle is found to be better developed over some rocks than over 
others, but in noting all the various relations between soil and 
vegetation aspect must also be taken into consideration. 

Over the Vindhyan rocks of the Kaimur plateau the soils are 
usually sandy to light loams in consequence of the preponder¬ 
ance of sandstones. It is remarkable how frequently hanJear is 
found in these soils; one explanation may be that it represents 
calcareous matter from limestones since removed by denudation. 
Jungle is usually sparse and budiy on this plateau. 
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In tL,e coalfields the soils are, as a rule, rather heavy loams. 
The rocks are alternating shales and sandstones, but the latter 
usually contain a considerable proportion of felspathic grains which 
weather to kaolin. On the whole the flatter, low-lying coalfield 
country is more widely covered with re-distributed surface capping 
than are the highlands. 

The Eajmahal and Deccan traps give rise to a stiff clay soil 
where they have not been altered to laterite. For the most part, 
however, these traps form plateaux, over which the special form 
of surface alteration known as lateritisation takes place. 

The formation of laterite is described in Chapter XII, but, 
briefly, it may be said that, in a climate of alternating prolonged wet 
and dry seasons, where the drainage is suitable the tendency is to 
the chemical accumulation of alumina and ferric hydroxide at the 
surface and the removal of silica in solution. Any rock, provided 
that it contains some alumina and icon, can give rise ultimately 
to a capping of laterite, but this capping will form far more readily 
over rocks or sediments high in alumina and iron, such as over traps 
and shales. 

Lateritic caps are frequently only a few inches thick, although 
they may vary up to many feet. In consequence of their dense, 
fine-grained and colloidal nature, with high iron content, they are 
useless for agricultural purposes and permit only a very sparse and 
poorly developed jungle growth. 

The red soils of the Chota Nagpur plateau are an incipient stage 
in the formation of laterite. Their peculiarity arises from the 
accumulation of icon in them over a very prolonged period of 
alteration of the underl 3 fing granite, the iron content of wliich is not 
noticeably high. 

Finally, the late Tertiary sediments at the eastern border of 
Singhbhum are comparable to the more recent accumulations of 
alluvium. They have, however, been exposed to sub-aerial condi¬ 
tions over quite a considerable period, and have been readily suscept¬ 
ible to chemical alteration at the surface, with the formation of later¬ 
ite. These lateritee form often a continuous sheet extending into 
Bengal on the higher ground along the edge of the Gangetic and 
coastal alluvium. 

The above broad outline of soil distribution merely serves to 
indicate the importance of a knowledge of the rocks in Bihar to both 
forestry and agriculture. It is based only on the relative silica- 
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clay composition of tile soils, but other constituents are of great 
significance, and of these lime is one of the more important, for it is 
found as hanhar scattered on the soils over the greater part of the 
province. Even when the underl3dng rocks or sub-soils contain 
the minimum amount of calcium, that amount becomes concentrated 
at the surface under the climatic conditions of this area. Other 
important soil constituents include potash, phosphates, manganese, 
etc., all of which are contributed by the underlying rocks, whilst 
organic material, such as carbon and nitrates and other salts derived 
from organic acids, have been made possible by vegetable and animal 
life. The distribution of these in various zones of the surface soil 
provides scope for an immense study in Bihar. In agriculture, 
a study of soil is of importance not only from the point of view of 
crops, but also of animal life, for deficiency or excess of certain 
constituents may give rise to diseases. 

A thorough soil survey of Bihar is becoming a necessity. That 
survey must be based on the geology of the province for, apart from 
a few of the organic acids, carbon, and bacteria, the soil derives the 
whole of its constituents from the rocks. 

Soil erosion. 

In Chapter II the sequence of uplifts which has given rise to 
the plateaux of Chota Nagpur is outlined. It will have been 
gathered that one effect of these uplifts has been the rejuvenation of 
stream activity, and this activity Is particularly prevalent along the 
edges of the plateaux, where the rocks and surface soils are being 
rapidly eroded. 

Nature^s demands—'the erosion of the surface in an area of steep¬ 
ened gradients—cannot be denied, but they can be slowed down to 
some extent. The most rapid erosion in such an area is in the early 
stages, when the headwaters of the streams are beginning to remove 
the old soil cap. Once this cap is removed the eroding action of 
the streams on the underlying rocks is much slower. 

Along the edges of the plateaux, particularly in the Hazaribagh 
district where the headwaters of the steep streams are cutting deep 
into the scarps, the soil cap over wide areas is intersected by in¬ 
numerable gullies which are forming bad lands A very consider¬ 
able amount of fertile paddy land is, in this way, being destroyed. 
Once this type of erosion has commenced it can be slowed down by 
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encouraging suitable vegetation to grow, both, trees and grasses. 
But even tliis will reduce lateral erosion for only a very short time, 
unless veroical erosion along tlie main <lrainag<‘ channels can be re¬ 
duced by local cheeking of the SDroams to flatter gradients. This 
checking can bo accomplished by means of a system of weirs along 
each stream. In many places the streaui gradient is checked by 
natural barriers before lateral erosion has completely removed the 
soil cap ; in such cases the lowered soil surface may be as fertile as 

the soil removed and can he planted with vegetation to prevent 

further erosion. In the centre of the plateaux there are numerous 
places where the lomoval of a harrier has been followed by a 
tcmpoiary renewal of erosion and removal of a layer of soil from 
the surface, until the streams again assume a flatter gradient, but 

the lowered surface is usually just as fertile. For the most part, 

the checking of erosion in the centre of the plateaux is not of urgent 
importance. 

The critical zones of erosion from the point of view of agricul¬ 
ture are alving the edges of the plateaux. One of the most serious 
is that extending from Chauparan, through Kodarma and into 
Giridih subdivision. For belts such as this there is no alternative 
but to abandon large tracts as agricultural areas and to form 
zones of intensive afforestation. 

In the highly dissected region of south Ranclii and Singlibhum, 
representing the southern extension of the Ghota Nagpur plateau, 
the problem is entirely different; it is not a question of the preven¬ 
tion of destruction of flat agricultural lands l)ut of erosion of soil 
from jungle-covered steep hill slopes. Hero erosion commences 

from radial drainage linos which cut straight down the hill sides, 

exposing the underlying rocks and tlicn spreading laterally. The 
object here must be to prevent the formation of tlicsc radial gullies, 
or, if formed, to break them up. Prevention is best done by contour 
ridging which leads the drainage waters by gentle gradients to streams 
along which erosion can be controlled. In this way rapid local 

erosion can be quickly checked, and is converted to a gradual and 
more natural lowering of the soil surface of the whole hillside, per¬ 
mitting the concomitant formation of soil from the underlying rocks. 
Once erosion gullies have been formed their further development 

can be checked only by breaking up the gradient witlx a series of 
weirs and barriers and by re-planting. 

In hill country soil erosion is aggravated by over-grazing and 
deforestation which remove the protective cover from the surface 
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and leaves the soil susceptible to widespread removal or sheet 
erosion,” vhich may become noticeable only when the underlying 
rock is exp sod. In flat country, however, over-grazing and opening 
up of the soil by agriculture may be the sole deteimining factors 
in erosion of some areas, and, even in the fibsence of heavy rainfall 
and stream activity, may permit the complete removal of the surface 
soil by wind erosion. 

Soil erosion has become a Ferious pioblem in Bihar. It has raised 
questions of grave importance not only to the agiiculturist and 
forester, but also to the engineer who has to minimise siltation of 
reservoirs, river channels, and canals. There is apparently some 
confusion of thought and lack of appreciation of what is in some 
cases inexorable, in others preventable, or in others unimportant. 
In some cases afforestation will provide a cure, in others engineering 
moans must be used as a prevention. A prolonged and careful 
study is essential throughout the whole province, but it must be 
accompanied by a thorough appreciation of the forces of nature 
which arc ultimately responsible for most erosion—crustal uplift. 
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CHAPTER V. 

LOCALISATION OF MINERALS, AND PROSPECTING. 

Geological distribution. 

It will have been gathered from the geological account of Bihar, 
Chapter III, that certain mineral deposits are related to particular 
rock types. In the following list the mineral deposits are grouped 
according to the geological formations which they have been found 
to accompany in the province. Minerals in brackets occur in 
Bihar as deposits of only very minor importance and unlikely to 
afford a valuable industry, whilst those in italics are occurrences of 
purely academic interest. 

Arehean sedimentary rocks. —Iron-ore, manganese-ore, 
limestone, dolomite, kyanite, refractory quartzite, steatite (pot- 
stone), chert, quartzite, slate and other building stones, china-clay, 
ochres, [graphite, garnet, topaz, corundum, aluminium sulphate\, 

Arehean basic igneous rochs ^— Chromite, steatite (pot-stone), 
vanadium-bearing iron-ore, [asbestos, magnesite, magnetite]. 

Granite,--China-clay, building stones, road metal. 

Pegmatite veins.— Mica., felspar, [beryl, rose quartz, apatite, 
columUte-tantalite, cassiterite, monazite, pitchblende, tounnaline, triplite\ 

Other veins in Archeans, —Copper, apatite-magnetite, gold, 
barytes, quartz, [wolfram, lead]. 

Kolhan series .— Building stones, iron-ore, mauganesc-orc, limestone. 

Newer dolerite. —Road metal, railway ballast. 

Vindhyan system —Limestone, sandstone, shale, glass-sand, 

pyrite, [alum shale, iron sulphate], 

Gondwana system .— Coal, fireclay, china-clay, sandstone, 

glass-sand, [iron-ore, shale, limestone, fuller’s earth]. 

Traps.—Road metal, building stone, [agate, amethyst, opal]. 

Siwaliks . —[sandstone]. 

Tertiary .— Gravel, ballast for railways and concrete. 

JLaterite.—Building stone, bauxite, lithomarge, iron-ore, man¬ 
ganese-ore. 

Gangetic alluvium —^Kankar, saltpetre, sodium sulphate, roh. 

Recent alluvium. and pottery clays, sand, kankar, earths 
for cement manufacture, iron-oro, manganese-ore, [gold, platinum]. 
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It may be remarked that the greatest or most diverse assem.- 
blage of minerals occurs within the sedimentary rocks of the Archeans. 
These minerals occur not only as bedded deposits, hut also in 
definite veins which traverse the sedimentary rocks. In the Iron-ore 
Series of Singhbhum there are remarkably extensive and rich de¬ 
posits of iron-ore, and useful deposits of manganese have also been 
found in these rocks. In recent years deposits of kyanite- 
rock from the mica-schists of the Iron-ore Series have become of great 
value overseas for use as a refractory material. Quartz-schists 
and quartzites are quarried in parts of Singhbhum by Tata Iron 
and Steel Co. to line the Bessemer converters at the steel works. 
Local phyllites and sandstones have been altered by neighbouring 
granites to form china-clay. Within the Chota Nagpur granite 
there are many inclusions of Archean sediments, varying in size; 
a belt containing limestones extends from Eamgarh to south¬ 
west of Daltonganj, and several of these are now being quarried for 
lime and cement manufacture. Ochres formed by alteration of 
certain rocks of the Iron-ore Series find a local use as colour wash 
for huts in many parts of Bihar. Chert is commonly found in the 
Iron-ore Series in Singhbhum and pebbles shed along the streams 
may find a use in grinding mills. Although garnets often occur in 
noticeable concentrations in southeast Chota Nagpur, there is, 
apparently, no market for them now as abrasives. Topaz and 
corundum are mainly of mineral interest, accompanying some of 
the kyanite-rocks. 

Chromite and asbestos are exclusively associated "with the basic 
igneous rocks of Archean age in Bihar, as also are the only known 
occurrences of vanadium-hearing titaniferous iron-ores, and most 
of the steatite deposits. 

Only those pegmatites which traverse the mica-schists and which 
contain mica have, as yet, been of economic importance. The 
minerals listed in italics within brackets have been mainly minera- 
logical curiosities, of which, except for very small deposits of cassiter- 
ite and triplite, there have been no exploitable concentrations found 
to date. It is possible that certain veins stdficiently high in pure 
orthoclase felspar may yet be worked for ceramic purposes. Beauti¬ 
ful rose quartz occurs in some of the pegmatites, and it should be 
possible to use this for ornamental purposes. 
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The eopper lodes of Singhbhinn (icenr mainly within tlie Iron-ore 
Series, hnt some are within iho adja(*ont grnniU\ as, for example, 
the lodes at Mushalauii. Tlie apalite-magnetite veins occur in 
close association witii the copper hxh's ; vsonu'tiines they are rich in 
apatite to the exclusion of magnetite and have' been mined for use 
as calcium pliosphate, at otlier times they consist of almost pure 
magnetite and have been mined in the past as iron-ore. Gold 
is known to occur associated with (juartz veins in several parts of 
Chota Nagpur, but only in rare instan<*es are tlu*se veins sufficiently 
large or of sufficiently paya1>le grade to attract even a small synd¬ 
icate or company. Veins of barytes have been found in Singlibhum, 
Ranchi, and Manbhum districts but, apart from the small Ringhlffium 
occurrence, have not proved sufficiently attractive to mine as yet. 
Numerous largo veins of pure quartz occur in tlic granite of Chota 
Nagpur, particularly in Rinchblium, and thonc ultimately may find 
a use for ceramic or other purposes. 

Close to tlic iron-oio deposits of the Iron-ore Series the basal 
conglomerates of the Kolhan Series are sometimes so rich in iron 
from pebbles and matrix of hematite shed from the deposits, that the 
conglomerates too are rich enough to be mined as iron-ore. Jhiling Bum, 
near 6ua, is an example of such a deposit. For the most part the nian- 
gancse-ores of Singhbhum occur in the Iron-ore Series, hut near Chai- 
basa the limestone near the base of the Kolhan Series has been 
replaced by manganese. The limestones vithin the Kolhan Scries 
have been found to bo too impure to be used either in iron-smelting 
or for cement. The basal sandstone is used locally as an excellent 
building stone. 

In the Vindhyans, the limestones close to the Son riivor at 
Robtas arc extremely valuable for cemeni making, for which purpose 
the adjacent shales arc also used. Vindhyaii sandstoucis have boon 
quarried widely for building purposes. 

The coal-seams and fireclays of Bihar are all found in the Barakar 
and Raniganj stages of the Gondwana system. The china-clay 
which is washed from felspathic sandstones in the Rajmahal Hills 
is doubtfully of Gondwana age, it may bo slightly younger. Some 
of these sandstones may, eventually, be found useful as glass sands. 

The Siwaliks in the northeastern comer of the province are 
normafly very soft sandstones or sand-rock. little is Imown about 
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this particular area of Siwaliks, but it is unlikely that good build¬ 
ing stones or glass-sands are available. 

The late Tertiary conglomerates in eastern Singhbhum have 
been quariicd for many years as railway ballast. 

Bauxite is confined to the high level laterite, whilst normally 
only the low level laterite is used for building purpoocs. White 
lithomarges or clays are sometimes found immediately below laterite. 
Many of the iron-ores in the Iron-ore Senes have become lateritised at 
the surface and, if the composition ia suitable, these are mined as 
iron-ore. Surface deposits of manganese-ore over Iron-ore Series 
rocks are lateritic, but these may merge downwards into segrega¬ 
tions and veins of manganese-ore. 

xUluvial deposits here include not only river clays and sands 
but also surface soils and dotrital material shed down hill-slopes. 
Amongst the latter, in the vicinity of the iron-ores of Singhbhum, 
are thick accuinulatiou& of iron-ore debris which are worked for 
their iron-ore content. Occasional small deposits of manganese- 
ore debris occur in a similar manner. Gold is occasionally found in 
stream sands, but in very small amounts rarely providing more 
than two annas per day to the villagers who wash these sands. 

Geographical distribution. 

It may be of interest to indicate the extent to which our geolog¬ 
ical knowledge can serve as a guide to the areal distribution ol 
minerals, and thus restrict the area of search for individual mineral 
deposits. 

In North Bihar, north of tlic Ganges, the allu\dum has completely 
blanketed older rocks, and here we may expect to find only such 
materials as kanhar, saltpetre, sodium sulphate, reh, sands and 
brick-clays. 

In Central and South Bihar, the structure of the rocks trends 
east-west and the main mineral deposits are found to be arranged 
broadly in parallel zones. 

Some 60 miles south of the Ganges there is an east-west belt 
within which most of the mica deposits occur. Smaller deposits are 
found outside of this belt, but are relatively unimportant com¬ 
pared with those within the area extending from the Kodarma 
forest to Gawan. 
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Further south is the Tione of conlflolds cxtcnclins; from the Ranh 
ganj field in the east to the Hiiiar field in the west. Smaller 
coalfields, of which the largest is Giridih, occur to the north, some¬ 
what off the main line of Gondwana basins. Most of the refrac¬ 
tory clays are also found within these basins. 

Striking parallel with and in the close vicinity of the line of 
coalfields, a belt of limestone deposits of Archean ago extends from 
near Ramgarh to the western side of the Koel rivci southwest of 
Daltonganj. Off this belt, to the northwest, limestone deposits 
of a different age, Vindhyan, occur on the edge of the Kaimur plateau 
near the Son river. 

Still further south, but confined to the western part of the pro¬ 
vince, west of Lohardaga, are bauxite deposits associated with the 
small laterite-capped plateaux. 

At the southern end of the province is the rich mineral district 
of Singhbhum, with its S.E.-N.W. belt containing closely associated 
kyanite-rocks, apatite-magnetite veins and copper lodes, in the 
northern and eastern part of the district. This belt is some 80 
miles long and up to 3 miles in width but narrowing down to a few 
hundred yards in places ; as a general rule kyanite-rocks occur on 
the northern side of the belt, then apatite-magnetite veins, and copper 
veins on the southern margin. 

A little to the south of the copper belt, but confined to central 
Singhbhum, are the chromite deposits west of Chaibasa. In 
eastern Singhbhum titaniferous magnetite deposits occupy a similar 
relative position to the chromite deposits and are associated with 
identical rock-types. 

In the southern part of Singhl hum are the kaolin deposits assoc¬ 
iated with granite, and the iron-ore and manganese-deposits in 
the southwest corner. 

Of the remaining principal minerals which occur within the 
province, gold is widely but very sparsely distributed along streams, 
but is mainly confined to southern Ohota Nagpur—Singhbhum, 
southern Manbhum and Ranchi. Gold-bearing veins are known only 
in these last mentioned areas. Building stones, such as sandstones 
and slates, occur at various places where Archean sedimentary rocks 
and Vindhyans crop out. Asbestos has so far been worked only 
in Singhbhum, but it may occur where Archean basic igneous roclk 
are found. Barytes is known in Singhbhum, Ranchi and Manbhum, 
bnt its occurrence elsewhere is not impossible. Glass-sands ar^ 
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found associated with the Gondwana rocks in the Eajmahal hills, 
but clean alluvial sands or fine friable sandstones of any age in many 
parts of the province may be examined for glass manufacture. 
Mineral waters are widely distributed but most are found in Central 
Bihar, in Santal Parganas, Hazaribagh, Gaya and Monghyr districts. 
Ochres are found mostly in Singhbhum, Ranchi and Manbhum in 
areas of Archean sedimentary and basic igneous rocks, and in the 
Upper Gondwanas of the coalfields, but few are of good quality. 
Quartzites and quartz-schists are widely distributed, but those 
deposits from which costs of transport are low are preferred—the 
same remark applies to road metal and railway ballast. Steatite 
is widely distributed within the Archean sedimentary and basic 
igneous rocks, but the best material is in Hazaribagh and Singhbhum 
districts. 

A few observations as to where certain minerals cannot occur 
may be relevant. Apart from the minerals already noted as occurr¬ 
ing with the alluvium, no other minerals can possibly be found in 
the region north of the Ganges. It is, of course, obvious that no 
coal may be expected outside of the basins of Gondwana rocks. 
Across the broad zone of the Chota Nagpur granite no large deposit 
of iron-ore and manganese-ore may be expected. It is not likely 
that bauxite will be found outside of the high level plateaux of western 
Chota Nagpur. No chromite or asbestos need be expected away 
from the vicinity of ultrabasic igneous rocks. Kyanite cannot possibly 
occur in any rocks other than the highly metamorphosed mica- 
schists of the Archeans. Pegmatites may be expected to contain 
mica only where they occur in the strips of mica-schist associated 
with the Chota Nagpur granite. 

Future search for minerals. 

The foregoing account of the distribution of minerals should 
help in narrowing down the area of search, in future, for particular 
minerals in the province. Prom the point of view of the prospector, 
however, other factors have to be considered, and the most important 
of these is the possibility of m ar keting his discoveries. He should 
know the minerals for which there is a demand, and those for which 
he can expect to find no market. He may also wish to have 
assessed for him the possibilities of finding valuable deposits in th^ 
province. 
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The geology of Bihur, south of the Gaiigcb, is rather well known 
but only certain selcctcil areas have, as yet, been mapped in great 
detail. These areas include Singhbhuni, with adjacent parts of 
southern Manbhimi and southern Kanchi, some of the Gondwana 
coalfields, the Kaimur plateau, the Kajmahal hills, and a portion 
of the mica belt in Hazaribagli and Gaya districts. Over the rest 
of the province our geological knowledge is only of a general kind. 
IsTevertheless, it is sufficiently understood for the definite statement 
to be made that the larger and more important mineral deposits of 
Bihar are now known. 

Apatite, —Altliougli, at present, there is only a very small and 
occasional market for the phosphate, apatite, there is scope for 
research on the utilisation of tliis mineral. The deposits known to 
occur in Singhbhum have, so far, only been worlaid at tlie surface. 
Until a definite market is foimd for tliis mineral prospecting for 
further deposits is unlikely to be undertaken, but it is improbable 
that deposits will be found outside of Singhbhum. 

Asbestos ,—A few small asbestos deposits have been worked in 
Singhbhum. The prospects of finding additional deposits, either 
in Singhbhum or in other parts of the province, are negligible. 

Barytes .—The development of a considerable bar)rLes industry 
in Bihar appears improbable. It should, however, bo possible 
to utilise the known barytes deposits in a small way, but there 
appears little chance of further large veins being found. 

Bau'xite .—The bauxite deposits arc well known, and it may 
bo left to the companies taking them up to prospect and develop 
them in order to determine the reserves available. In the future 
there should be a good market for high-grade bauxite. Deposits 
in places more accessible than western lianchi are unhkely to be 
found. 

Chromite .—A market is always likely to bo available for deposits 
of chromite. Sufficient is known of the geology of Bihar, however, 
for the inference to be made that workable chromite deposits are 
unlikely to be found outside of Singhbhum. There is little question 
that small deposits of this mineral will continue to be opened up 
for some time to come in the vicinity of the ultrabasic igneous rocl4 
west of Chaibasa. Outcrops of ultrabasic igneous rooks should 
always be closely examined for chromite in mapping new areas. 

Clays ,—The fireclay deposits may be left to the refractory and 
pottery industries to develop, as the distribution of these deposits 
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is rather well known. There always will be a market for fireclay. 
China-clay, also, if of good quality, will find a ready sale at any 
time, either for pottery purposes or as a filler in paper and textile 
industries. There is always the possibility of finding china-clay 
in Bihar wherever granitic rocks occur, but no guide to their prob¬ 
able location can be given. White lithomarges which occasionally 
occur below the widely distributed latcrite should also find a market 
if the colour and quality are good. 

Coal ,—Although the Jharia and Eaniganj coalfields have been 
carefully surveyed and are well known, the Bokaro and Karanpura 
fields have not been mapped in equal detail. Certain coal companies 
have done a considerable amount of work on these fields, and have 
acquired much information to guide their future mining policies. 
In these new fields it would have been preferable, perhaps, for 
Government to have undertaken the preliminary work on this most 
important mineral asset, and thus have permitted a close control 
of lease allotment and sequence of working of seams. Even now it 
is, perhaps, not too late to do this on the western fields. 

Copper ,—^Now that the copper smelter at Maubhandar, Singh- 
bhum, is well established, there is the possibility of other copper 
deposits, apart from those near Mushabani, being payably nodned 
and the concentrates or ore despatched to Maubhandar for treatment. 
Ores which years ago could not have been mined payably may 
now be economic propositions under modern conditions and with 
a smelting plant already available. The most likely deposits are 
those along the copper belt, Singhbhum. The possibility of re¬ 
opening the Baragunda mine in Ha^iaribagh district might also be 
examined. 

Glass-sands .—Clean white sands, or pure fine-grained sand¬ 
stones which can be readily crushed, are likely to be acceptable for 
the manufacture of glass. Eiver sands are not usually sufficiently 
clean, but some of the Gondwana sandstones after wasliing to 
remove felspathic constituents may prove suitable, and the Vindhyan 
sandstones should be examined. 

Gold .—^No hopes are entertained for the development of any 
valuable gold-mining industry in the province. There is scope for 
the individual miner, or even for small syndicates, in the south¬ 
eastern part of the province. Prospectors are likely to be faced 
with fer more disappointments tha n successes. 

T) 
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Iron ,—Apart from coal, the most important mineral mined in 
the province is iron-ore. Rich deposits of this ore are mined in 
places accessible to the railway in Singhbhum. Small deposits 
do occur elsewhere and it is possible that other small ore-bodies may 
be found in the future, but they cannot possibly compete with the 
Singhbhum ores unless they possess some particular property, such 
as the iron-ore in the Gondwanas which finds an occasional small 
use as a gas desulphuriser in coke plants, or micaceous hematite 
which can be used in certain paints. The prospector is not likely 
to be rewarded for any further search for iron-ore in Bihar. 

Kyanite ,—Kyanite has found an excellent market in recent 
years as a refractory, but the deposits of Singhbhum are now almost 
depleted. The unique deposit of Lapsa Buru is in Kharsawan, 
outside of the province, but belongs to the same belt as the smaller 
occurrences in Singhbhum. A continuation of the belt into the 
Porahat, Singhbhum, is not improbable, but prospects of deposits 
of kyanite being found there are not bright. Kyanite has been 
found m other parts of southern Chota Nagpur, but it is the coarse- 
bladed variety accompanied by quartz or mica. It might be 
possible to develop a process for separating kyanite from its micace¬ 
ous or quartz matrix, but such a scheme is unlikely to be utilised 
in Bihar so long as high grade material is obtainable from Lapsa 
Buru. 

Limestone ,—^It is unlikely that considerable new occurrences 
of limestone will be found, except perhaps small deposits in the 
western part of Chota Nagpur, in Palamau. Good quality limestone 
always will find a market in Bihar, either for lime-burning, cement 
manufacture or iron and steel smelting, if accessible. 

Dolomite ,—^The possibility of finding dolomite in the lesser known 
parts of western Chota Nagpur is by no means slight. Certain 
deposits are known in the Iron-ore Series of Singhbhum, Although 
at present there is no considerable demand for dolomite it is not 
at aU improbable that in the near future research will enable the 
mineral to be used in the place of magnesite as a refractory in steel 
manufacture. 

Magnesite, —^Magnesite, if available in Bihar, would fiind a ready 
market at the steel works. The mineral does occur 6 nules south 
of Jamshedpur but is closely assodated with talc and it is doubtful 
whether the pure mineral could be obtained in workable amounts. 
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Manganese .—^Workable manganese-ore deposits are confined to 
Singhbhnm, there appears little likelihood of valuable deposits being 
found elsewhere in the province. However, the known SinghbXiniL 
deposits are being rapidly depleted, the market for the mineral is 
good, and the possibilities of further deposits being found in western 
Singhbhum are by no means slight. 

Mica .—The mica industry has a long future before it. An 
increasing proportion of the production is coming from deeper mines. 
Prospecting for mica pegmatites may be advisably left in the hands 
of those engaged in the industry, and, apart from possible occasional 
finds in outcrops of mica-schist outside of the main mica belt, there 
is no great scope for the casual prospector. It is easy to find 
pegmatites, the difi&culty is to find those which contain payable 
mica, although at present there is no shortage for fulfilment of 
normal demands. 

Ochres .—Ochres of good quality if found should be acceptable 
to the paint industry. The quality of most of the ochres in Bihar 
is suitable only for local colour washing of village huts, but the 
possibility is always present of good quality ochres bemg found 
associated with the less metamorphosed sedimentary and basic 
igneous Archean rocks. 

Silica .—The occurrences of quartz-schist and quartzite are 
sufi&ciently widely distributed and known to the users so that no 
diligent search for these is necessary. If conveniently situated, 
quartzites can provide a good profit to contractors, who quarry the 
rock for sale to the railways as ballast or to the refractory users. 

Sulphur .—Sulphur is urgently required in India, particularly 
for the development of chemical industries. The established highly 
efScient technique of copper smelting in Singhbhum does not permit 
of an economical extraction of by-product sulphur unle;;S sulphuric 
acid could be used by a local chemical industry. The mining of 
these copper deposits for their sulphur content alone is unlikely to 
be economically feasible, even if use were made also of the resulting 
copper and iron oxides. Certain pyritic deposits in the Vindhyans 
of Shahabad deserve to be opened up, and could provide a small 
but steady supply if a market could be found for pyrites. 

There is a small market for high-grade fine-grained talc, 
or soapstone. Deposits are widely scattered in Chota Hagpur, 
particularly m Singhbhum and Hazaribagh, and these might be 
carefully examined to determine which of them could be marketed. 

n 2 
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Vanadnmi ,—The vanadium-bearing tiianiferous magnetites of 
southern Dhalbhuin are unldcely to be of value for some years to 
come, until the extraction of the vanadium from, this type of ore 
can be made a commercial success. For the present the vanadium 
output from Peru and Northern llhode&ia leaves no scope for such 
ores as those in Dhalbhuni. It is possible that similar small de¬ 
posits of vanadium-bearing iron-ores may occur in other parts of 
southern Chota Nagpur, but there is no point, as yet, in searching 
for them. 

Of the other minerals which have been recorded from time to time 
in Bihar, aluminium sulphate, antimony, arsenic, bismuth, molybdenite, 
platinum, tin and zinc, may bo regarded now as mineral specimens, 
having no probable economic value. Corundum occurs with kyan- 
ite-rock, raising the latter’s alumina content, and blue corundum 
crystals of no value as gemstones have been found in Manbhum, 
but no valuable deposits of the mineral alone are likely to be found. 
Fuller’s earth deposits do not appear to be large enough to warrant 
serious development. The occasional gemstones found are of a 
semi-precious nature, usually of poor quality and so haphazard in 
occurrence that no assured industry could be formed. No graphite 
deposits that could be economically developed have as yet been 
found, although some of tlie Archean sedimentary rocks contain 
quite a high content of amorphous graphite. Much has been written 
on the lead-silver occurrences of Bihar, some have been worked, 
but under modern conditions the author sees no possibility of the 
revival of this industry in tlie province. Mineral waters may, per¬ 
haps, be developed into quite a useful industry, with the opening up of 
spas at some centres and marketing of the bottled waters. The 
occasional finds of rare minerals such as triplite, tantalite, etc., have 
always been disappointing in Bihar but there is still the poss¬ 
ibility that during the course of mica-mining useful quantities of 
such minerals may be found. Saltpetre always will be available in 
North Bihar. 

Summarising the above information the minerals may be divided 
into four categories. These categories do not, of course, take 
co^iisance of the fact that great changes may be made in the uses 
to which the minerals are put in any particular industry, and may 
widen the scope of that industry: 

1. Mineral deposits which, if farther finds are made, will not 
BOW add to the industrial development of the province: 
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baujdte, clays, coal, iron-ore, limestone, silica. Re¬ 
sources already available in these will permit a consider¬ 
able expansion of Bibar industry. 

2. Minerals of wbiob deposits are already known, but which 

will depend for their farther exploitation on research 
into their use: apatite, barytes, dolomite, talc, vanadium. 

3. Minerals which would always find a market if of the right 

quality, or large deposits of which would create a market, 
but are unlikely to be found in large quantity: asbestos, 
barytes, chromite, gold, kyanite, magnesite, manganese, 
pyrite. 

4. Minerals of which good deposits might still be sought, with 

likelihood of success: copper, glass materials, mica, ochres. 
The search for these might be left to the industries con¬ 
cerned, but the advice of Government geologists will be 
of assistance. 
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CHAPTER VI. 

THE RELATION OF THE STATE TO THE APPLICATION OP 
QEOLOQICAL KNOWLEDGE 

Industrial expansion. 

The statements have, at times, been made tliat knowledge of 
the minerals of Bihar is scant and that these resources have not 
been vigorously utilised. It may be said at once that both these 
statements are untrue: the information summarised in the previous 
chapter will, it is hoped, dispel the first erroneous belief, whilst the 
statistics of minerals produced in the piovinee show not only that 
Bihar leads all other pro\inces in India, but also that in many cases 
production has been up to the market’s capacity of absorption. 

The past vigorous development of the mineral industry does 
not mean, however, that further expansion is not possible in the 
future'—on the contrary, the province is now and is certain to con¬ 
tinue being increasingly industrialised on the basis of its mineral 
resources. In a few cases this expansion is dependent on exports 
to overseas countries, but in most it is dependent on the capacity 
of the province, or of India, to absorb the products. Mineral devel¬ 
opment in Bihar, therefore, depends mainly upon the extent to 
which Indian industries can be encouraged to take the mineral 
products of the province. 

The part which the State, as represented by Government, should 
play in this expansion provides a topic for discussion by many 
who have deep interest in the mineral industry. The geologist, 
however, may consider his relation to the mineral industry and to 
Government from rather a wider viewpoint, and discuss how his 
acquired knowledge may be used to advantage in several spheres 
of activity within the State. 

Organisation of future prospecting. 

In the past, minerals in Bihar have been found in one of three 
ways: by the Geological Survey of India, by organised prospecting 
departments of large companies, or by casual finds of villagers 
brought to the notice of those interested in minerals. All these 
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factors are still operative, but it lias recently been suggested that 
the provincial Government should itself take a more active and 
direct interest in prospecting. In which direction is such activity 
likely to produce useful results I 

If the section on future prospecting, in Chapter V, is carefully 
examined, it will be realised that the scope for the discovery of new 
minerals is very limited. For the most part the mineral industry 
is fully able to take care of its own prospecting requirements. Per¬ 
haps the only line of useful Government enquiry into new mineral 
deposits, at present, would be for glass-sands and mineral pigments. 
Prospecting for other minerals for which there would be a market, 
such as asbestos, barytes, chromite, copper, gold, graphite, kyanite, 
lead, manganese and sulphur, is scarcely a task which can be under¬ 
taken by a small staff of Government geologists. If the finding 
of new minerals is to be encouraged, the best results are likely to 
be obtained by the dissemination of instruction amongst villagers 
concerning the minerals which could possibly occur in their vicinity, 
and by the payment of small bonuses for any useful finds. 

One of the main functions of the geologist appointed by an 
industrial concern is the prospecting of mineral leases, which he 
can examine, foot by foot, in great detail. The function of a 
Government geologist cannot be that of a prospector, the area 
which he has to cover is too great for the detailed work necessary in 
prospecting to be possible normally. During the course of his map¬ 
ping, however, mineral deposits may be found, or local villagers may 
draw his attention to them. The primary function of the Govern¬ 
ment geologist, mapping, apart firom the accompanying fortuitous 
finding of minerals, enables him to advise on and guide to limited 
areas the prospecting efforts of others. Once an industry has been 
established it also becomes one of his functions to assist that industry 
in the conservation of its resources and guide it in its mining. In 
addition, his advice may be sought on many other lines of enquiry 
some of them not related to mineral deposits, such as have been 
enumerated in Chapter IV. 

Vesting ot mineral rights : State and Zamindar* 

A very large proportion of the mineral resources of Bihar is in 
zamindari land. In such cases Government obtains neither rents 
nor royalties from the minerals. But it does not nec^sarfly follow 
that the province obtains no benefit firom the development of such 
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deposits, for tlicy add to the employment of labour and general 
increasing industiialisation of Bihar. 

Frequently the mineral rights of zamindari land are split into 
innumerable shares, and litigation only too often hinders the suc¬ 
cessful development of mineral deposits. There have also been 
cases in which the desire to mine privately-owned minerals as 
cheaply as possible have resulted in a brief hfe for the deposits and 
loss of considerable reserves. In addition there is the danger that 
the terms demanded by zamindars before leasing their mineral 
rights may be so excessive that they may either make prohibitive 
the development of the deposits or soon force the miners into liquida¬ 
tion. It would be advisable to standardise lease terms for zamin- 
dari land on lines similar to those issued by Government for hhas 
mafial mineral areas. In addition, to protect the zamindar, 
examination of the technical credentials of those who desire mineral 
leases m zamindari land may be beneficial. 

On the coalfields, the positions of lease boundaries, governed by 
the limits of zamindari property, may not be the most suitable for 
the maximum efficiency in mining technique, or for conserving the 
reserves of the seams. 

There is little doubt that, from the point of view of the State, 
the continuation of the mineral rights vested in zamindars is not 
to the ultimate advantage of future industrial development and 
does not lead to the conservation of mineral resources within the 
State. It must be emphasised that mineral deposits are a wasting 
asset, resources lost through inefficient mining or treatment can 
never be recovered and ultimately the State is the loser. 

Rents and royalties. 

In IJias malial land the determination of the amounts of rents 
and royalties ■which GoTemment should impose, shoidd he founded 
on a knowledge of the various factors which may aflect the parti¬ 
cular industry. The object, in principle, is to obtain the maximiim 
revenue for Government, wbich "wiU not, however, bear mduly 
heavily on the miner and prevent his efficient working of a mineral 
deposit. 

In most cases rents axe payable in two parts:—(a) dead rent 
payable for the area of the mining lease itself, and (6) surface rent 
payable on land occupied by works, offices, and quaiters. Usually 
dead rent may be regarded as a minimuTn royalty, as only that 
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which is the greater, dead xeat or royalty, is payable in any one year. 
For iron-ore the minimum dead rent in the past was one anna per 
acre, for coal, bauxite, pyrites and alkali salts 4 annas per acre, 
and for all other minerals a minimum of one rupee per acre. 
Recently dead rents have been levied at values which vary for 
individual cases. Surface rent is a fixed amount dependent on the 
actual local value of the land occupied, and assessable under the 
revenue and rent law. 

As a general rule it may be said that in the first year or so of 
opening up a new deposit the dead rent will be paid, whereas later, 
when the deposit is worked vigorously, royalty will provide the 
main form of revenue to Government for the deposit. The amount of 
dead rent payable should not be so excessive as to hinder worldng, 
and it should vary according to the type and size of the individual 
deposit. Some minerals may have a low market value and may 
be in small pockets scattered over a wide area—obviously, in such 
a case, the dead rent should be very low. In another case deposits 
of a more valuable mineral may be scattered over an equally wide 
area, and here a somewhat higher dead rent is advisable. Yet 
again, a mineral of low value may be concentrated in a small area, 
so that a dead rent higher than in the first case is permissible, whilst 
if large reserves of a mineral of high value are concentrated in a 
small area a commensurately high dead rent is legitimate. 

Although it is advisable to keep dead rents at rates which 
will not liinder development, there may be the danger, if the rates 
are very low, of the deposits being taken on lease by inefficient 
concerns which have not the requisite capital to work the minerals 
vigorously. An inefficient and under-capitalised concern often means 
that Government is losing revenue on royalties which a more effi¬ 
cient company would have paid, and that ultimately large assets 
may he lost to Government because of wasteful working. Also, if 
the dead rent is too low, the tendency will be for the lessee to obtain 
a larger area than is really necessary. 

The area covered by a mining lease will, of course, vary with the 
particular type of mineral deposit. In general, deposits like coal, 
iron-ore, limestone and copper require a considerably larger lease 
area than say china-clay, ochres and gold. The areas of iron-ore 
leases in Singhbhum, for the larger companies, have usally been 
based on 100 years supply of ore, according to the estimated annual 
requirements of each company. Where several deposits of a mineral 
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are scattered over a fairly limited area, the lessee should aot be 
permitted to take up a number of separate 1 leases leaving small 
unleased areas between, but should be compelled to take the whole 
within reasonable limits. 

A most excellent method of lease allotment has been adopted 
for the mica pegmatites of the Kodarma Eeserved Forest. Here 
a great number of pegmatites are scattered over a large part of the 
forest area. The forest has been divided into 900 squares of 
40 acre each and these are leased out at a fixed rent for each 
square (now Rs. 12 per acre), no royalty being now charged on the 
mica produced. However, many of these squares are geologically in¬ 
capable of yielding mica pegmatites, and are not advisedly taken uo 
on lease, in others the geology is such that only a portion of a square 
can possibly carry mica pegmatites. It is only equitable that the 
rent on the latter should be lower than on those squares which 
may carry mica pegmatites throughout. It would be quite a simple 
matter to base the rent to be charged on the evidence provided by 
the geological map. The method of lease allotment which has 
proved so suitable to the mica deposits of the Kodarma Reserved 
Forest, is not necessarily applicable to other types of deposits, and 
should not be normally applied elsewhere. It is applicable in the 
Kodarma Riserved Forest only because the deposits are numerous and 
closely spaced. Outside of the Reserved Forest in zamindari land, the 
mica deposits are more widely spaced and the method of division 
into 40 acres squares is not feasible. 

Minerals in the ground are amongst the State’s important assets, 
but they are wasting assets, for once removed they can never be 
replaced. It is, therefore, the State’s right to obtain a fair return 
for the sale of these assets and the normal means of securing this 
return is by charging royalties on the mineral removed. 

The value of a mineral varies according to different stages of 
its production; it has one value to the miner as it lies in the ground, 
another value on being brought to the surface (known as the pit’s 
mouth value) and other values as it reaches various points of trans¬ 
port and ultimately the place of manufacture where it is to be 
converted into finished articles. The increase in value depends 
on labour costs, transport charges, etc., through the various stages. 
Theoretically then, the value of the mineral in the ground is the 
difference between the sale price of the raw material and all labour 
and other charges from the monmnt of commenceinent of mining it. 
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This value may be regarded as divisible into two parts: the value 
to the State, which is in other words the royalty, and the additional 
value to the miner, representing the latter’s profit. That is, royalty 
represents the State’s selling price of a mineral in the ground. 

The difficulties of calculation of this theoretical value have led 
to simpler methods of assessment, but the methods to be adopted 
in charging royalties, and the amounts, give rise to difficult prob¬ 
lems, for there is no consistent basis of determination which may 
be regarded as equitable for all deposits. Under the Mining Rules 
in the past, apart from special rates of 5 percent for coal, 7| per¬ 
cent on the annual profits or percent on the gross value for 
gold and silver, 1 anna per ton for iron, and 30 percent of the 
annual net profits for precious stones, the general basis of assess¬ 
ment of royalty for most minerals has been 2^ percent of the 
" pit’s mouth ’ value of the mineral, but a flat rate has been com¬ 
monly substituted for some minerals. The amount, percent, 
was presumably based on past experience of what industry can 
afford to pay compatible with Government’s revenue requirements, 
but this cannot always be accepted as an a priori reason for future 
levies at the same rate, and, in fact, the Bihar Government has 
recently raised the rate to 5 percent. 

Before proceeding with this discussion it is advisable to define 
some of the terms used. 

By ‘ pit’s mouth" value of a mineral is meant the market value 
of the mineral, less transport and other charges incurred subsequent 
to despatch of the mineral from the mine. 

The geologist imposes a definite restriction on the use of the 
term ' ore ’, which is not always appreciated. An ore is a mineral 
aggregate containing a sufficient percentage of metallic constituents 
permitting it to be economically mined, treated, and marketed. 
The term is not applied to non-metallic mineral aggregates like 
sand, clay, talc, mica pegmatite, which are not mined for any metallic 
content. It will be noted that the use of the term ‘ ore ’ implies 
" grade ’—if the grade is lower than that at which a profit can be 
made then the mineral is not, strictly, ore. Sometimes an ore is 
divided into several grades called for example first, second, and 
third grade ore, according to whether the quality is high or lower. 

Obviously, then, royalty should be charged only on ore in the 
case of metallic minerals, and, in the case of others, on that material 
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which it is payable to work* In general terms, royalty should be 
charged only on the product which is actually despatched from the 
mine for marketing. 

Iron-ore may be quoted as an example of the points which must 
be taken into consideration in determining royalty: 

In Bihar the percentage limit for iron-ore is about 60 percent 
iron—below that grade this type of ore cannot usually, in this country, 
be economically smelted. Included in these deposits there are 
large amounts of loose fine material which cannot as yet be econo¬ 
mically treated in this country, although it can be used in other 
countries. Such fines are, however, piled at the mines for use in 
the future, and are not therefore wasted. Although these fines 
must be mined, along with the solid ore, they are not despatched 
from the mines and are correctly not subject to royalty. In the 
early days of iron mining in Bihar a low rate of royalty, one anna 
per ton, was fixed in order to encourage the industry. Now that 
this industry is well established a higher royalty may be charged. 
However, in view of the fact that equally high grade ore is avail¬ 
able in the adjacent Orissa States, some of which may be better 
suited to certain purposes, an excessive raising of the royalty 
rate might lead to an extensive transference of mining from Bihar to 
the States. Although the more equitable basis of levying royalty 
would be on the average iron-content of the tonnage despatched for 
treatment, the grade of iron-ore despatched to the smelters varies so 
little that the simplest method is to levy at so much per ton of oie. 

Certain forms of soft or powdered iron-ore may be used for other 
purposes, such as for desulphurising coke-oven gases, or in the manufac¬ 
ture of special paints. Such materials should not be treated on 
the same basis as iron-ore smelted for iron, as they may be sold 
for a higher price and should, therefore, be subject to a higher 
royalty. 

In the case of other ores, such as manganese, chromite or copper, 
there may be a wide variation in composition or grade of the ores 
mined, and it would not be equitable to charge a flat rate of royalty 
for all grades of each mineral. The alternative then is to charge 
a separate rate of royalty for each grade of ore, first, second or 
third grade as the case may be, or charge royalty at so much 
per unit of metal in the ore. The latter is certainly the most 
equitable basis of calculatmg royalty, but it occasions a consider¬ 
able amount of trouble in ehecki^ mining returns and analyses. 
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Tlie market price of minerals varies from time to time. If 
the royalty is charged at a flat rate Government is not receiving 
an equitable return when the price is high, and the miner may be 
subjected to a heavy burden when the market price is low. In 
the case of minerals in which the royalty is 5 percent of the pit’s 
mouth value, the royalty will vary according to the market price, 
but on account of the inconvenience and labour involved in assess¬ 
ing these rates of royalty, a sliding scale is often adopted in which 
the royalty varies periodically with the market price. 

It will be seen, therefore, that the method by which royalty 
is to be charged should be considered separately for each type of 
deposit. Certain minerals such as iron-ore do not vary widely m 
value and for them a flat rate is a simple and reasonably equitable 
method of assessment. For those in which the valuable constituent 
is subject to wide fluctuations in price some form of sliding scale is 
equitable. 

Some provision should be made in the terms of each lease for a 
revision of the royalty rate periodically, as the status of an industry 
may alter. When an industry is in its infancy low royalties form 
a desirable encouragement, but once the industry is well-estaldished 
and as its ramifications extend Government is entitled to an in¬ 
creased share in that industry’s prosperity. ()r, again, a local 
mining industry may suffer adverse changes in consequence of 
competition by overseas mines. At the same time, the basis of 
royalty charges should be as uniform as possible throughout India, 
otherwise an undesirable competition between provinces may result. 

Some actual royalty rates may be quoted in order to illustrate 
how these vary from place to place: 

Iron-ore ,—^Bihar (up to 1938), one anna per ton if the tariff 
value of imported pig iron is not greater than Rs. 65 per ton, and 
one anna per ton more for every Rs. 16 or part thereof by which 

the tariff value of the iron exceeds Rs, 65 per ton. Since 1938, 

4 annas per ton is being charged pending final decision of Govern¬ 
ment. 

Coai.—-Bihar, 6 percent on the sale value at the pit^s mouth 
with a mrrtiTmim of 2 annas per ton. For coal dust, half the rate 
fixed for coal. 

Manganese. —^Bihar, 12 annas per ton for high-grade ore {47 per^ 
cent Mn and over) or 10 percent of the pit’s mouth value when 

the price is Rs* 10 or under, subject to a minimum of 9 annas jdm 
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an additional royalty of 20 percent of the sum by which the ph/'s 
mouth price exceeds Rs. 10 per ton and an additional royalty of 
10 percent of the amount by which the pit’s mouth value exceeds 
Rs. 20; 6 annas per ton for low-grade ore. Keonjhar, G annas 
per ton for manganese-ore and 4 aimas per ton for manganiferous 
iron-ore. Central Provinces, 6 percent. Mysore, 10 annas per 
ton. 

CArwi&.—Bihar, Rs. 1-8 per ton for concentrates when the 
pit’s mouth value is Rs. 10; Re. 1 or less per ton for lump ore plm 
an additional royalty of 20 percent of the amount by which the 
pit’s mouth value exceeds Rs. 10, plus an additional royalty of 10 
percent of the amount by which the pit’s mouth value exceeds 
Rs. 20; 7 annas per ton for low-grade ores (usually less than 47 
percent ChgOg). Baluchistan, 12 annas per ton. Mysore, Rs. 1-8 
per ton. Bombay, G annas per ton. Southern Rhodesia, 5 pence 
per ton. Sierra Leone, 1/3(Z. per ton. Cyprus, 1/Gd. per ton. 

Kyanite, —^Bihar, Rs. 1-8 per ton. 

Limestone. —^Bihar, 9| annas per ton for a quarry within 5 miles 
of a public railway station, 6 annas per ton if within 5—15 miles of 
a railway station, 4 annas 10 pies if more than 15 miles from a 
public railway station. Central Provinces, 4—5 annas per 100 mds. 
according to locality. Gangpur, 6 annas per 100 cu. ft. 

Whiter day, —^Bihar, Re. 1 per ton of refined clay when the pit’s 
mouth price is Rs. 20 or under, plus an additional royalty of 20 
percent of the amount by which the pit’s mouth value exceeds 
Rs. 20 per ton; annas twelve per ton for crude clay. 

Gold and silver. —^Bihar, 7^ percent on the profits of each 
year taken separately, or 21 peifcent of the gross value, at the 
option of Government. 

Predom stones, —^Bihar, 30 percent of the net profits of each 
year taken separately. 

Minerals for which no special rates have been provided: Bihar, 
6 percent on the sale value at the pit’s mouth. 

Prom time to time it may be advisable for Government to con¬ 
sider levying other taxes on the mineral industry, such as on the 
finished product. Por example, in coal mining, it has been estimated 
that the additional cess and taxes in various forms totals about 7 
annas per ton of Goal. In some cases the industry may be 
well able to afford such additional taxation, but in others such 
taxes may even go so far as to d^troy the industry. The trade in 
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some minerals has remarkably wide ramifications and may be affected 
by conditions in widely distant parts of the world; these must all 
be appreciated whenever taxation in any form is to be considered. 

An important aspect of lease allotment is the period for which 
leases should be granted. Some deposits are small and a long 
lease is unnecessary. Others, such as for iron-ore, are large and take 
an extended period to deplete. Most deposits require machinery to 
work them and the period of depreciation on such capital 
expenditure permitted for income tax purposes is 20 years. Hence, 
a minimnm of 20 years is generally advisable for mineral leases, 
30 years being preferable. 

The above points have been considered in very general terms, 
as the object has been not to lay down rules but merely to outline 
the factors to be considered in determining rents and royalties. 
Every mineral deposit deserves separate consideration to obtain as 
balanced an assessment as possible both on behalf of Government’s 
revenues and for the benefit of the industry’s development. These 
questions require the technical advice of geologists, which is always 
available in the Geological Survey of India. 

In concluding this section, recent litigation suggests that a 
brief item of advice may here prove apposite for prospective lessees 
and lessors. Any lease agreement which permits the removal, from 
the surface or from imder the surface, of any mineral material, 
whether it be soil, gravel, rock, ore, or any other form of mineral 
aggregate, and which is to be used for any purpose whatever else¬ 
where, should state explicitly whether royalty is or is not to be paid 
on this material, or state that rent is to be regarded as payment in 
lieu of royalty. This will avoid aD possibility of litigation, as there 
have been cases in which the presumed legal as against the true 
definition of the term mineral ” has been used as a basis for claim¬ 
ing or refusing to pay royalty on mineral substances removed firom 
a lease area. 


Some aspects of mineral development. 

It is, of course, obvious that the greatest benefit will accrue to 
the country by making the maximum use of local mineral raw 
materials in domestic industries. To encourage those who will 
utilise the minerals in the counfry they should be given favoured 
treatment in lease assignment. 
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The value of certain mineral deposits is so great to domestic 
industries that they should be reserved entirely for those industries 
and export prohibited. For example, the manganese deposits of 
Singhbhum and the Orissa States are of inestimable value to the 
Indian iron and steel trade as they are much more accessible to the 
steel works than are the ores of the Central Provinces. Continua¬ 
tion of expoidi of the latter is advisable, but export overseas of 
manganese-ores from Singhbhum and the Orissa States should not 
only be prohibited but the deposits should be leased preferably 
only to those who will utilise the ores in Indian industries. 

There are vast resources of iron-ore in India, and tliere is no 
reason why, under normal trading conditions, any restriction should 
be placed on exports. In Singhbhum, there are two types of iron- 
ore deposits: (a) deposits of solid ” or bedded iron-ores and 
(b) smface debris, called float ” ore or cemented float The 

former deposits contain the vast reserves and they will be the sites 
of iron-ore mines probably for centuries to come. The float 
deposits consist usually of surface debris scattered over a wide area 
of country; they are of only temporary significance. As it hapx^ens, 
most of the iron-ore mined in Singhbhum for export from India to 
date has been from float deposits. 

It is apparent that the mining of solid iron-ore will destroy the 
forest in the mnnediate vicinity of the ore-bodies, but such sites will 
remain practically permanent mines, individually at least for scores of 
years. The value of the oie obtained, particularly if smelted in the 
country, will be many times greater than that of the forest destroyed. 

In the case of float ore, so long as loose fragments are merely 
collected from the surface no damage is done, in fact possibly the 
surface soil may be improved. But wherever the soil is excavated 
to extract the ore debris, there a considerable amount of damage is 
done to the surface, and regeneration of forests may be retarded for 
many years. This damage may exceed the value to the country 
of the ore obtained. 

There is plenty of solid ore available in this region, and there 
seems no sound reason why traclB of country should be damaged 
merely to obtain cheaply mined debris or float ore. It would be 
preferable to refuse to grant leases over areas in which there is 
only float ore, but in leases which contain solid ore the accompany- 
float should be permissibly extracted. 
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The coal industry lias ninny problems which require urgent 
settlement. Perhaps more than for any other mineral a rational 
use of coal is necessary, not only in order to obtain the maximum 
value from production, but also to conserve the country’s restricted 
resources. Eeserves of coking coals are limited, hnt valuable 
coking coals are being used as steam coals. The extra railway 
freight on Jharia coals as compared with Raniganj coals for the 
Calcutta market has in some cases led to such a redaction of min¬ 
ing costs in the Jharia field that wasteful methods have been adopt¬ 
ed in the past. Intense competition, particularly amongst many 
of the smaller companies, with over-production, has also had the 
same result. The better quality coals have been rapidly extracted 
and, as a consequence, overlying seams of inferior coal have been 
destroyed in many places, and vast reserves lost. In some cases 
large reserves of even the best grades of coking coals have been lost 
through various causes. Sand-stowing may help in supplying 
support for the overlying seams in many places, but most of the 
past losses are now irrecoverable, 

A desideratum, towards which some endeavour should be made, 
is the working of all seams, from top to bottom, of inferior and 
better grades, coking and non-coking coals, according to a definite 
coordinated sequence, so that the full resources will be extracted 
and, in any section of the coalfields, all the seams will be exhausted 
together. This will necessitate a more rational scheme also of 
marketing and using the coal, possibly of compulsion in the use of 
inferior grades for certain purposes—^research on blending and the 
improvement of grade by cleaning may be helpful here. It is 
apparent that all this would require widespread reorganisation of 
the whole industry, with compulsory cooperation which is unlikely 
to be obtained without some form of Government control. 

Ultimately, from the points of view of both mineral conserva¬ 
tion and the most thorough use of the country’s resources, it is 
preferable to encourage those with plenty of capital to develop 
mineral deposits rather than thc^e who have very little capital. 
Coal, iron-ore, copper-ore, bauxite, clays, chromite, ma ng anese, 
Innestone, and mica, all require considerable investments to mine 
them efficiently, and to ensure that the minimiim of reserves are 
lost. There is still scope for the small miner in minerals like sands, 
ochres, soapstone, road metal, railway ballast, and small gold veins. 
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It is not always advisable to hasten the mining of certain minerals. 
By delaying their development until related industries are establish¬ 
ed such minerals may find a more valuable use within the country. 

An important aspect of mineral utilisation is a knowledge of 
the actual quantities of various raw materials produced within the 
country. Statistics of mineral production in Bihar, as in other 
parts of India, are incomplete. Only mine owners who are within 
the scope of the Mines Act submit returns of production, others, 
especially in zamindari land, submit no returns. It is important 
that returns of production from all mines, however small, be com¬ 
pulsorily submitted through the district officers to some central 
department such as the G-eological Survey. 

From time to time mine owners have been forced to object to 
rulings by Income Tax Commissioners on the distinction between 
revenue and capital expenditure in mining. These objections have 
frequently been legitimate and have been made necessary in con¬ 
sequence of the fact that Income Tax officers are not famihar with 
the technique of naining, but at times regard certain items of expendi¬ 
ture from the point of view of other forms of business. Unlike 
all other industries, mining is based on the extraction of a wasting 
asset, an asset which, once taken from the ground, is never renewed. 
It would be of advantage to the mining industry if the Income Tax 
authorities would make use of some form of permanent technical 
arbitration committee for advice on such matters. 

Industries to develop* 

The steps to be taken in the development of industry are outside 
of the sphere of the geologist’s activities, but, in view of his ac¬ 
quaintance with the resources of raw materials available, his advice 
on the direction which development should take may be pertinent. 

Amongst approximately forty varieties of mineral deposits which 
occur in Bihar quite a number are the basis of firmly-established 
industries, such as the clay, coal, copper, iron-ore, limestone, and 
mica industries, and almost all of which have a considerable and 
healthy future before them. 

Of quite a number of the recorded minerals, such as antimony, 
arsenic, molybdenite, platmum, tin, tungsten, and zinc, no deposits 
of a workable nature occur, and it would be futile to hope for any 
industry in them. 
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It should be possible, in the case of several of the remaining 
minerals, to establish a market for them, or to manufacture the 
raw materials into marketable goods within the province, or, in 
some cases, to create subsidiary branches in already estabKshed 
industries. Such development will depend mainly upon research 
which may be undertaken either by the industries themselves, by 
universities and colleges, or by Government. 

The possibility of establishing an abrasive industry in the pro¬ 
vince might be investigated. Several of the natural abrasives occur, 
such as quartz, garnet, lime, talc, and the raw materials for the 
manufacture of artificial abrasives, silica and alumina, also are 
available. The problem is twofold: costs and market demand, 
and of the two the latter would appear to be the main. The Indian 
market for artificial abrasives is unlikely to be sufficient until other 
industries develop further, and exports would have to face the 
strong competition of an established American and continental 
industry. 

Excellent phosphate deposits, apatite, are lying practically idle 
in Singhbhum for want of a local market. There is scope here 
for research, two lines of which are at once apparent: reseaich by 
the iron and steel industries into the use of phosphate fo? the 
manufacture of special metal, and research by Government into the 
use of apatite in agriculture or for other purposes. 

Barytes deposits occur, but research might be undeitaken by 
a university to determine the possibility of creating a small industry 
for the extraction of barium saJte. 

The use of bauxite for the extraction of aluminium has been 
long delayed in India, but the establishment of works to treat the 
Bihar ore has at last been mooted. From the point of view of 
research the aluminium industry should be capable of taking care 
of its own requirements. The use of bauxite in other industries 
is also now sufficiently well known to require no research assistance, 
but there may be scope for the establishment of such industries as 
the manufacture of abrasives and aluminum salts. Its use in the 
manufacture of alumina cements has already been investigated and 
the erection of a plant for the manufacture of this material is likely 
in the near future. 

Although building and ornamental stones arc available in the 
province tJiere seems little likelihood that their use will expand- 
Some attempt may be made, perhaps, to develop amongst Biharis 
an appreciation of the fine appearance of these stones. 

n 2 
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The chromite of Singhbhum has been used to some extent as a 
refractory in the manufacture of chrome-brick, but its use in this 
direction appears to be limited and it is not so suitable as Baluchistan 
chromite. Deposits are not large and the maximum value would 
be obtained from the ore either by converting it into ferrochrome 
or into alkali bichromate. In the former case the steel companies 
could presumably carry out the necessary research, and in the latter 
a university might be of assistance in working out a process. 

The ceramic and refractory industries may be safely left to develop 
up to the market’s capacity. The obtaining of supplies of the 
highest grade of china-clays will always be a difficulty, restricting 
this side of the ceramic industry. 

The coal industry is thoroughly well established, but there is 
undoubtedly vast scope for research into the better and wider uses 
to which this fuel and its by-products could be placed. Although 
the coking plants within the province are actively and efficiently 
playing their part in such research, from the point of view of their 
own and related requirements, there are many other lines of inves¬ 
tigation awaiting the fuel researcher. It may be advisable, in the 
near future, to establish a fuel research institute. Amongst im¬ 
portant lines of investigation are the following: the cleaning of 
many of the high ash coking coals; the more efficient use of pul¬ 
verised coal; improvements in the domestic fuel industry and the 
recovery of by-products; tests on ash fusibility; the blending of 
coals for coking; the possibilities of briquetting. A comprehensive 
chemical and physical survey of the coalfields might be invaluable. 
All of these investigations would eventually lead to the expanded 
use of coal and also perhaps to an increase in the resources avail¬ 
able. In view of the limited resources of metallurgical coking coals 
in India, it has become almost imperative that this class of coal 
should not avoidably be used for railway and other purposes, but 
should be reserved wherever possible for the purpose to which it is 
so essential. 

Eesearch on glass-sands is, apparently, being undertaken by 
university workers, and if successful may lead to the establishment 
of a considerable glass industry within the province. The possible 
utilisation of soda felspars from the pegmatites of the mica belt 
might be investigated. 

The kyanite deposits of Lapsa Burn, Kharsawan State, are un¬ 
rivalled anywhere in the world. J4ost of this material, both from 
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Kharsawan and Singhbhum, has been shipped abroad for manulac- 
ture into refractory bricks or special porcelains. So far it has 
been possible to utilise only a small amount in India. As in most 
raw materials, the value lies not in the price of the raw material 
itself, but in the industry created by manufacturing it into market¬ 
able goods. It should be possible to manufacture in Bihar 
not only increased amounts of refractory brick, but also special 
porcelains. Research on these lines by the ceramic industry may 
require the cooperation of Government. 

The manganese deposits of Singhbhum are small, but some of 

them have been proved to be high-grade, and even chemical ore 

has been mined. The possibilities of increasing the amount of 
ferromanganese manufactured in the country may be safely left 
to the steel companies. All new occurrences of manganese-ore 

should be carefully examined for their possible use in the glass 
industry or for the manufacture of dry batteries. 

The mica industry is well established, and its trade channels 

and processes form a most intricate study. The pre-eminence of 
Bihar’s mica trade in the world depends not only on the large size 
and quality of the mica, but also on the cheapness and expertness 
with which splittings can be manufactured by local labour. Indeed, 
mica is now imported into India in quite considerable quantities, 
for conversion into splittings which are re-exported. Apart from 
splittings, practically the whole of the block mica produced is ex¬ 
ported as such, only a very small amount is manufactured into 
condenser films, washers, etc. However, the industry in manu¬ 
factured mica is slowly but surely increasing and, with firmness 
in marketing abroad, there is little doubt that it could become 
one of the most important branches of the mica trade in Bihar. 
The manufacture of micanite on a large scale in India will undouble lly 
be undertaken in the future. A spirit of cooperation with elimination 
of, at times, almost crippling competition, are perhaps the most 
important requirements in the industry, if the province, as well as 
the companies, is to obtain all the benefit that it should from this 
industry. Looked at from the point of view of Government, the 
workers engaged in the industry, and conservation of the mica 
reserves, eventual compulsory enforcement of cooperation may 

become desirable. 

The utilisation of the mineral waters in Bihar has been almost 
oom]^tely neglected. Research into tiie quality of these 
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waters has been commenced by the Geological Survey of India. 
It should not be diiSicult for the provincial Government to open up 
health spas, and undertake the bottling and sale of certain of the 
waters. 

Eesearch into the wider utilisation of the steatite deposits which 
are found in several parts of Bihar, would appear likely to provide 
interesting and perhaps valuable results. Such research may be 
undertaken by university workers. 

Geological research in Bihar. 

The lines upon which future prospecting may be undertaken in 
Bihar and the allocation of such work and of research on the utilisa¬ 
tion of minerals have been outlined in the previous pages. But 
mineral investigations form only a part of the work of geologists, 
and, in Bihar, there is scope for a wide field of practical geological 
research which will be of benefit to the province. 

Geologists working in Bihar are attached to various institutions, 
and include officers of the Geological Survey of India, geologists 
of industrial concerns, and university and college teachers and 
research workers. To obtain the maximum result from the services 
of these workers the lines of investigation to which they are best 
suited should be clearly recognised. 

The work of officers of the Geological Survey must be extremely 
broad. It is a long-established and all-time service, and must 
necessarily take an interest in all phases of geology. Its basis is 
the detailed geological mapping of the country, and from this springs 
its abihty to give expert advice on such matters as prospecting, 
development of mineral industries, problems affecting the relations 
between Government and the mineral industries, water supply, and 
geology as related to such engineoriug problems as structural founda¬ 
tions and building materials, and soil surveys. 

The industrial geologist is concerned more particularly with 
mineral deposits in which his firm is interested, and occasionally 
also with engineering problems. He frequently contributes infor¬ 
mation which is of invaluable assistance to other geologists, and 
recognition of the value of such interchange of ideas is of immense 
use to himself and his firm. 

The umversity and college teacher has a twofold function. 
Primarily he is a teacher, and geological research can be under¬ 
taken only in his spare time. For the best use to be made of his 
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services, lines of investigation must bo chosen which are suited to 
the time and means at his disposal. 

There is a great need for a detailed study of the development 
of the physiographical structure of Bihar. This could best be 
undertaken by university workers during their vacation periods. 
It would help to provide invaluable information on river move¬ 
ments and flooding, and on soil erosion. The geological aspect 
of soil surveys and soil erosion could be also investigated by uni¬ 
versity workers, but these problems must necessarily be studied in 
great detail. 

The general study of imderground water throughout the province, 
but particularly in North Bihar, is desirable. This would include 
the compilation of an immense amount of detail concerning aU 
tube-weUs put down in North Bihar so that eventually the water- 
horizons will be fully understood and the best use made of them. 
Such work could be readily carried out by ludversity workers who 
are on the permanent staff, as continuity of study is imperative. 
Alternatively, such a detailed and continuous study as this could 
be carried out by a geologist working imder the Geological Survey 
but permanently attached to Bihar. 

The need has now arisen for the determination of a plan of 
water storage in Bihar for the future. Sites should be allotted 
which may ultimately be taken up by the Bengal and Bihar author¬ 
ities respectively. Sites should also be allotted separately for 
irrigation, hydro-electric and town supply schemes. Unlobs such 
allocation of sites is made now, difficult problems will arise in the 
near future. In preparing such a plan the services of the Geological 
Survey should bo called in consultation with the engineer preparing 
the scheme. 

In most engineering problems whore geological advice is neces¬ 
sary the services of the Geological Survey provides the widest 
experience. In North Bihar, the relation of building sites to earth¬ 
quake effects should always be considered in cooperation with 
experienced geological advice. 
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PART IL—THE MINERAL INDUSTRY OF BIHAR 
CHAPTER VII. 

ABRASIVES AND GRINDING MATERIALS. 

Introduction. 

An important requirement of almost all phases of industry is 
the use of materials for cutting, abrading, polishing, crushing, and 
grinding. These may be used as powders of all degrees of fineness, 
as cutting or grinding wheels, or as pebbles in grinding mills for 
paint, clays, etc. 

The natural or mineral abrasives have been considerably replaced 
by artificial products in recent years, particularly for metal work. 
The manufacture of artificial abrasives has become an industry of 
great importance, but one which has scarcely found a footing as yet 
in India, notwithstanding the availability of the mineral raw mater¬ 
ials for its establishment. 

The most essential property of an abrasive is hardness, as it is 
on this that the cutting or abrading power of the material depends. 
With this, however, must be combined toughness, for the effect of 
hardness will be annulled if the material breaks up readily under 
the shattering action of the process of abrading. At one time, the 
classification of hardness of abrasives was based on Moh*s scale, 
in which minerals were graded from 1 (talc) to 10 (diamond), the 
harder minerals of this classification being felspar (6) quartz (7), 
topaz (8), corundum (9), diamond (10). The intervals between 
each number on this scale did not by any means represent equal 
differences in degree of hardness. With the widespread use in 
recent years of artificial abrasives, this scale has been extended to: 
quartz (8), topaz and garnet (10), corundum and tungsten carbide 
(12), silicon carbide (13), boron carbide (14), diamond (15). There 
is stiH no artificial compound harder than diamond, but the latter’s 
rarity restricts its use. 


Natural abrasives. 

The natural abrasives are classed into “ high-grade natural 
abrasives ” and “ siliceous abrasives 
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The high-grade natural abrasives include diamond, corundum, 
emery and garnet as the principal minerals. Of these, diamonds 
are not found in Bihar, corundum is found associated with kyanito 
in Manbhum and Singhbhum (see Chapter XXI), and only garnet 
is known to occur in quantities sufficient to be used as an abrasive. 
Garnet sands occur along the streams which traverse the mica- 
schists in northeastern Dhalbhum, and, until recently, they were 
collected by the villagers near Malibani (22'^ 23' : 42'). Similar 

garnet-bearing stream sands may be found occasionally in Hazari- 
bagh district. On the southwest side of Shirbai dungri (22° 20': 
86° 39'), in Singhbhum, a segregation of garnet-rock is Imown to 
occur. However, although the garnet sands in Dhalbhum, in parti¬ 
cular, may be useful as an abrasive there appears to be no market 
for them nowadays. 

The “ siliceous abrasives ” comprise the various forms of free 
silica; quartz, sand, sandstone, quartzite, flint, chert, tripoli, diat- 
omite, with also various materials which depend on their quartz or 
silicate content for their abrading properties, such as silt, siliceous 
shales and clays, siliceous limestone, pumice, volcanic dust, rotten- 
stone, felspar and granite. 

Sands are used for cutting, polishing and burnishing. For this 
purpose either river sands may be used or friable sandstones which 
may be readily crushed. In Bihar, most of the river sands are 
rather too coarse for this purpose and would need to be further 
ground. There are certain friable sandstones of Vindhyan age 
along the Son Valley, west of Dehri-on-Son, and south of latitude 
24° 60' (see also ‘‘ sands'' in CShapter XVIII) which couH be eaaly 
crushed and used for this purpose. Sands are also used for the 
manufacture of sandpapers, and for this purpose crushed and graded 
quartz, either from river sands or quartz veins, is suitable. 

The milder abrasives such as pumice, Volcanic dust, tripoli, 
diatomite, china-clay, chalk, lime, talc and ground felspars, are 
used generally in the powdered form for putting a finishing surface 
on wood and fine metallic instruments, or for such domestic purposes 
as scouring and cleaning. Of these materisds, pumice, voloanic 
dust, tripoli, diatomite and chalk are not available in Bihar. The 
province's resources of china-clay are described in Chapter XV, 
lime in Chapter XXI II, talc in Chapter XXX and fdspar ia Chapter 
XXVI, and for abrasives of this nature the province is weH-provided 
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sliOTild an industry for the marketing of these powders be establish¬ 
ed at any time. 

Sandstones of a fine-grained even texture are used as grind¬ 
stones, sharpening hones, and as millstones. These may be obtained 
more particularly from amongst the Vindhyan sandstones of Shaha- 
bad district. 

Quartzites may be used as millstones, and sharpening hones, 
provided they are fine-grained. Quartzites of this quality are 
found amongst the Axchean rocks of almost every district in Chota 
Nagpur, and also amongst the Vindhyans of Shahabad district. 

Granite and trap are sometimes used for millstones; the fine¬ 
grained granites of Chota Nagpur, the traps of the Rajmahal hiUs, 
the Axchean lavas, and dolerite dykes, are all suitable and readily 
available. 

Amongst the Vindhyan rocks of United Provinces there is a 
peculiar extremely fine-grained siliceous rock known as porcellanite 
which would be ideal for use as hones or sharpening stones. It is 
possible that this rock may also occur in the Vindhyans of Shahabad 
district. 

Pebbles of flint, chert, or fine dense quartzite find a use in mills 
for grinding limestone, cement, ore, paint, clays, etc., although 
nowadays they have been largely replaced by steel balls. However, 
particularly in pottery work where contamination with iron must 
be avoided, such pebbles are still used. Flints and cherts may be 
found amongst the Rajmahal traps, but are not abundant. In 
southern Singhbhum there are beds of pure white chert in the Iron-ore 
Series, particularly to the northeast of Jamda (22® 10' : 86® 26'), 
and pebbles shed from these and strewn along the stream-courses 
would be suitable for use in grinding mills. In southern Dhalbhum 
other beds of chert have also supplied adjacent streams with chert 
pebbles. Beds of impure chert are abundant north of chandil 
(22® 67' ; 86® 04'), Manbhum. 

Artificial abrasives. 

The manufactured non-metallic abrasives which are now on the 
market and imported into India are: (1) Silicon carbide {e.g., car¬ 
borundum), (2) fused alumina (e.gr., alundum), and (3) boron carbide 
(norbide). Their manufacture depends on the availability of 
cheap sources of power, and this is usually associated with hydro- 
dectrio schemes. However, should the generation of power be 
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taken up on a large scale in Bihar, with consequent reduction in 
costs per unit in view of the cheapness of coal supplies on the coal 
fields, it should not be difficult for either silicon carbide or fused 
alumina to be made in the province. Silica, in the form of quartz 
sands, and alumina, as bauxite, are readily available. There seems 
no reason why such an industry should not be able to market its 
production even overseas, in competition, say, with American pro¬ 
ducts. 

Future trend. 

There is scope in Bihar for the utilisation of such materials as 
sand, clays, lime, talc, felspar, in the powdered form as abrasives. 
In addition, the utilisation of special stones, such as porcellanite, 
as hones, might be investigated. With the introduction of artificial 
grinding wheels, the use of sandstones, quartzites, etc., as grind¬ 
stones is likely to diminish, although their use as millstones may 
continue. In view of the rapid growth of industry in India the 
possibilities of the establishment of an artificial abrasive industry 
may well repay investigation. 
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CHAPTER VIII. 

ALKALI SALTS. 

General* 

The alkali salts produced in Bihar include potassium nitrate 
(saltpetre), sodium carbonate, and sodium sulphate. The industry 
dates back many centuries and is still of importance in many parts 
of North Bihar. Indeed, at one time, this part of India possessed 
almost a monopoly of the worid^s supply of nitrates. 

The alkali salts are found as an efflorescence on the surface of 
the soil, which, where sodium salts predominate, is rendered largely 
sterile. These salts accumulate in the sub-soil water, due to the 
breakdown of alkaline constituents in the soil, and, during the hot 
months, the solutions ascend and evaporate at the surface leaving 
an accumulation of salt as an efflorescence. Common salt and 
sodium sulphate are the most abundant constituents of these mixed 
salts, but in some places sodium carbonate predominates and potas¬ 
sium nitrate is found where the soil is charged with organic nitro- 
geneous matter* 

Uses. 

Saltpetre produced in Bihar is used mainly as a fertiliser, pro¬ 
viding both nitrogen and potassium to the soil. In addition it is 
used in the manufacture of explosives and in the chemical industry. 

In Bihar, sodium carbonate is used in the glass and soap indus¬ 
tries, and sodium sulphate finds a use in curing hides and skins, 
tanning leather, and as a veterinary medicine. 

Saltpetre. 

The nitrates necessary for the formation of saltpetre have accu¬ 
mulated in the course of centuries in the soil of this highly populated 
area* The North Bihar villages, built on the sites of previous 
tumbled villages of mud huts, become raised above the level of the 
surrounding country. The floors of these huts are invariably made 
of mud and cow-dung, forming a nitrogeneous deposit to which is 
added other animal refuse and the ashes of innumerable fires, which 
contain potash. The decaying refuse undergoes nitrification, and 
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the product drains from the raised village sites into the surrounding 
fields at a lower level* In the dry season the salts are brought 
to the surface as a mixed efflorescence of sodium chloride^ sodium 
sulphate, sodium carbonate and nitrates of potash and magnesia. 


Table 2 .—Produciim of Bcdtpeire, 


Y*>ar. 




BiHAlt. 

India. 
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1933-34 . 
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11,263 

1934-35 . 
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10,802 
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2,953 

13,623 

1936-37 . 




1,004 

11.218 

1937-38 . 




963 

8,632 

1938-39 . 




1.324 
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The amount of saltpetre in the soil collected varies between 1 
and 29 percent, but is normally less than 5 percent. Some of 
these nitrate-bearing soils are used directly as manures, but most 
are used for the extraction of saltpetre. To the collected nitrate- 
bearing earths {Iona matti) wood ashes are added in order to decom¬ 
pose any calcium nitrate which may be present, and the salts are 
dissolved in water. The liquor contains approximately 15*25 per¬ 
cent sodium chloride, 7*24 percent potassium nitrate and the rest 
(emprises small quantities of chlorides and sulphates. On evaporation 
of the liquor sodium chloride separates out fimt, and the nitrate later. 
The crude saltpetre {huthea) varies widely in composition; it may 
contain up to 66 percent potassium nitrate and up to 36 percent 
sodium chloride with some sodium sulphate and magnesium nitrate 
(6). The crude saltpetre is sometimes used as fertiliser, hut most 
is sent to refineries for the manufacture of gunpowder, a by-product 
being sodium sulphate. Table 2 shows the amounts of saltpetre pro¬ 
duced in Bihar during recent years. Practically all of this comes 
&om Muzaffarpur, Saran, Champaran, and I>aTbhanga districts, 
but a small amount is produced in Shahabad, Gaya, Monghyr and 
Patna, 
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Pascoe (8, p. 9) has suggested that the production, of saltpetre 
could be increased by the proper organisation of ihe industry and 
by the use of artificial drainage traps. 


Sodium salts. 

The main areas in North. Bihar producing sodium salts are 
Champaran, Muzaffarpur and Saran. Sodium sulphate is also ob¬ 
tained south of Nawada in Gaya and at Sheikpura in Monghyr. 
The efflorescence, known locally as reh, is a mixture of sodium 
carbonate {saji matti), sodium sulphate {Mari or Glauber’s salt) 
and sodium chloride (common salt). The crude material is treated 
in a similar way to that used in the extraction of nitrate. A typical 
sample of saji matti on sale in Calcutta contains 27 percent sodium 
carbonate, 4*28 percent sodium bicarbonate and about 34 percent 
sodium sulphate. No statistics are now available of the production 
of these salts from Bihar, but in the fourteen years 1908-1923 the 
out turn was 207,861 tons of Mari, 

Future, 

Although alkali salts wiU continue to be extracted from the 
surface soils in North Bihar for local use, there does not seem to be 
much possibility of any great expansion of the industry, in view of 
competition from imported salts. 
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CHAPTEE IX. 

APATITE. 

General. 

In Bihar, apatite is found as veins in Singhbhuni. It also 
occurs in some of the mica-bearing pegmatites of the mica belt, 
in Gaya, Hazaribagh and Monghyr districts. Sir Thomas Holland 
suggested some 40 years ago that the mineral might be recovered 
from the waste heaps at the mica mines by washing and picking, 
but later experience clearly indicates that the mineral occurs in 
amounts much too small for such recovery to be ever economically 
practicable. Apatite also occurs as an important constituent of 
the mica-peridotites of the coalfields, but the calcium phosphate 
content of these ranges between 4*5 and 12-5 percent of the rock, 
hence the grade is much too low to be of any economic value. 

Uses. 

Phosphates are invaluable as fertilizers. In the past, groimd 
apatite from Singhbhum has been used for this purpose. Apatite 
is, however, very stable, but by converting the mineral into super¬ 
phosphate after treatment with sulphuric acid its available phosphate 
for fertilizing can be considerably increased. 

At one time apatite-magnetite-rock from Singhbhum was added 
to the blast furnace charge in the Bengal Iron and Steel Company's 
works at Kulti for the smelting of pWphoric pig-iron, which, on 
account of its high fluidity, is particularly useful for foundry pur¬ 
poses. 

Apatite in Singhbhum. 

The apatite deposits which occur in Dhaibhum subdivision, 
Singhbhum, have been known for many years. The mineral is 
found along a belt extending southeast from the Saraikela State 
eastern border (22° 45' : 86° 06') to Ehejurdari (22° 24' : 86° 34'), a 
distance of about 40 miles. Iron-oxide, magnetite, is associated 
in places and the southern part of the belt, between Patharghara 
(22^" 32' : 86° 27') and IChejurdari, was leased at one time to the 
Bengal Iron and Steel Co. for phosphoric iron-ore. During the 
war, 1914-18, the Great Indian Phosphate Co. worked the deposits 
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at Tiadia (22° 29' : 86° 28'), Kanyaluka (22° 29' : 86° 31') and Sunrgi 
(22° 27' : 86° 33'), but this company went into Kquidation and the 
lease was transferred to a private syndicate. Mining in this southern 
section ceased in 1925. 

At the northwestern end of the belt, around Nandup (22° 44' : 
86° 12'), Mr, E. 0. Murray mined apatite for several years following 
the close of the war in 1918. For the period 1924-28, 14,700 tons 
of apatite were supplied for agricultural purposes and to the iron 
trade, but the demand then gradually ceased owing to the importa¬ 
tion of higher grade phosphate for fertilizers from Egypt and Algeria 
and also to the abandonment of the use of apatite by the iron trade. 

During 1928-30, the Tata Iron and Steel Company took options 
on the leases of the whole belt. The deposits were prospected by 
a very extensive series of trenches and pits. The options have not 
been exercised. 

Within the last two or three years enquiries for apatite have 
been again made for various purposes and there has been a certain 
small production. 


Mode of occurrence* 

The apatite deposits occur as veins in the schists, particularly 
in granite-schist. They are associated with and strike parallel to 
the copper lodes, and belong to the same general period of miner¬ 
alisation as the latter. 

The mineral is'usually fine-grained, but larger-sized crystals up 
to tw'o inches diameter may be occasionally found in relatively 
pure parts of the veins. The coarse apatite may be white in colour, 
but the fine apatite is pale buff; owing to the presence of chlorite 
the apatite-rock is more commonly greenish and, where magnetite 
is present, it may be black. In addition, biotite and quartz are 
present in places. AU of these minerals occur in variable pro¬ 
portions, pure apatite veins are rare and the great majority are of 
apatite and chlorite or biotite, with varying amounts of magnetite. 
In some veins near Patharghara the proportion of magnetite is 
very high, with partial exclusion of apatite and almost total ex¬ 
clusion of biotite and chlorite. 

The veins vary in thickness from a fraction of an inch to as 
much as 60 feet. In length they vary considerably, the longest 
so far worked being at least 900 feet. The depth to which they 
ext^d unknown, but there is no reason to assume that they 
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will be rebtrioted to the surface. From tlie point of view of mining, 
tlieir depth will be deteriiiined by the economic limit to vhich the 
working of the more persistent veins can be taken. 

The percentage of J^^^sent in the vein material varies 

accoi'dintf to the amount of other minerals present. Material 
assaying 35 percent PjjO.-, lia& been obtained, but the workable 
apatite averages l-'0-25 ])ercent P 2 O 5 . By magnetic separatioHj 
for tlie removal of magnetite, tlie grade can be readily iuijjroved. 
An analybit: oi‘ typical vein material from Chandar Bum (2T 43 ' : 

13') is given in Table 3 . 
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Localities. 

The apatite belt may be divided into three main sections: {a) 
around Nandup, from the Saraikela border to Chandar Boru, (b) 
arormd Patharghara, and (c) from Badia to iSunrgi and Khejurdari. 
In general the apatite near Chandar Bum represents an average 
apatite-cMorite-magnetite-rock; at Patharghara it is particularlj 
high in iron, grading to iron-ore; the apatite at Badia is similar 
to the Chandar Buru rock, perhaps coarser grained; whilsn some of 
the veins at Sunrgi supply a white apatite free from magnetite and 
chlorite. 
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The xninimimi known reserves in tl ese rliree main localities 
down to a depth of 100 feer, are:— 

..Vround Nandup, 250,000 tons, averaging 20 to 23 percent 
P.05. 

Patharghara, 250,000 tons. 

Badia, Kanyaluka and Sunrgi, 100,000—200,000 tons, averaging 
20 to 25 percent P20^. 

The section around Nandup is probably the most important. 
Not only do the deposits here occur as large veins, but they are 
also convenient to the railway which here cuts across the belt. The 
largest group of veins occurs to the northeast of Chandar Buru, 
where at one point apatite, with schist partings, occupies a width 
of 60 feet. Another vein at the southern foot of the hill has been 
worked over a length of 300 yards with a width of up to 10 feet. 
Most of the veins dip at 45° to the north. Frequently they arc 
arranged en echelon. 

Around Pathargliara the veins are up to 20 feet in thickness, 
but none appear to be more than about 200 feet in length. They 
were all mined by shallow open cut, the quarries being now filled 
with water. The granite and mica-schists in this vicinity seem to 
be liddled with apatite-magnetite veins. 

Apatite veins are well developed in the mica-schist and granite- 
schist east of Badia and south of Bhadua (22° 28' : 86° 30'), but 
they are not so persistent as at Nandup. Sometimes irregular 
rounded masses of pure coarse apatite, two feet across, are found as 
segregations in the schists. 

At Kanyaluka (22° 29' : 86° 31') the apatite veins are small and 
occur in chloritic biotite-schists and hornblende-schists. 

Up to 1925 quite a considerable but widely fluctuating produc¬ 
tion of apatite was obtained from Sunrgi; in the last two years 
before closing down in 1925, 3,406 tons was mined in 1923-24 and 
2,273 tons in 1924-25. The country-rock is chloritic and biotite^ 
schists, but these are penetrated by innumerable veins of mylonised 
granite. Some of the apatite veins here are perhaps the purest in 
the belt, yielding a white apatite free from magnetite and chlorite. 

Future developmeat. 

There is room for considerable research on the utilisation of 
the Singhbhum phosphate deposits, not only as fertiliser and in the 
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iron and steel industry, but also in other industries where phosphates 
may be of use. For use as a fertiliser the calcium phosphate should 
be converted into a more soluble form, to render it readily available 
to plant life. 

In view of tbe nature of the occurrence it is unlikely that the 
apatite could be mined and treated sulfioiently cheaply to be ex¬ 
tensively used as fertiliser. Its principal use is likely to be in the 
iron and steel industry or in other industries where limited quantities 
of phosphate are required. 
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CHAPTER X. 

ASBESTOS. 

The main uses for asbestos are as follows: in asbestos textiles 
as yarns, cordage and cloth, in paper, compressed sheets, blocks 
and brake linings, in such cement products as shingles and corru- 
gated sheets, in heat-resisting ariicles, in pipe and boiler lagging, 
in jointing materials, in paints and roofing cements, and for filtering, 
packing, etc. 

There are two main varieties of asbestos used in industry : clirys- 
otile ( 3 MgO. 2 SiO 2 . 2 H 2 O) and amphibole asbestos. A variety of 
the latter found in India is tremolite (CaO.SMgO.ISiOg). It is the 
physical properties of asbestos that are important: flexibility and 
fineness of fibre, length of fibre, tensile strength, fire and acid- 
resisting and heat-insulating qualities. As a general rule chrysotile 
is more flexible than the tremolitic variety of asbestos. Simple 
field tests may be made by teasing the mineral fibres apart and 
rolling between the fingers, good asbestos separating into fine silky 
elastic fibres which may be bent repeatedly and sharply over the 
thumbnail without breaking. 

Although length of fibre is desirable for spinning for the manu¬ 
facture of asbestos textiles, short fibre material has a wide use 
for other purposes, and, even for spinning, short fibre material 
down to ^-inch can be used. Asbestos is graded for marketing 
according to the length of fibre, the best grades being |-inch. 

Asbestos has been prospected near the following places: Manpur 
(22° 36' : 86° 16'), Digarsai (22° 36' : 86° 15') Lipokocha (22° 25' : 
86° 30'), Mahespui (22° 23' : 86° 30'), Chirutanri (22° 24' : 86° 34') 
in Dhalbhum and from Mahnlbasa (22° 51' : 86° 19') in Manbhum (1), 
Although each of these deposits apparently yielded a small amount, 
all the asbestos near the surface has been removed and it is not econ¬ 
omically possible to prospect at depth. These deposits were found 
to be of tremolitic asbestos, although the chrysotile variety has 
also been reported—this seems very probable as, in places, the material 
is very flexible. In the neighbouring State of Saraikela quite 
lajge logs of rather brittle tremolitic asbestos, up to 14 feet long, 
have been mined at Bara Bana (22° 37' : 86° 56'). All of these 
deposits are associated with basic and ultrabasic igneous rocks, 
more especially where the latter have been altered to serpentine. 
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Fermor lias noted that chrysotile asbestos is associated with 
serpentine where the latter is exposed by chromite quarries in the 
Rahedba and Anjerlbera Forests west of Chaibasa, in the Ivolhan (2). 
As in Dhalbhimij the quantity is insignificant. Jones has also 
found thin veins of tremolite in ultrabasic rocks further south, at 
Tonto (22° 23' : 86° 37') and Nurda (22° 20' : 85° 44') (3). 

Samples of poor quality asbestos, reported to have been found 
near Itakeel (Itki, 23° 21' : 85° 08') in Ranchi district (4), were 
luought to the office of the Geological Survey in 1912 by llr. K. M. 
Pandin. Sherwill recorded two occurrences of as1)estos in Monghyr 
district, one consisting of thin veins in slates on the Goria Koh 
ghat (? Ghorakhor HiU, 25° 12' : 86° 31') (5, p. 197), and the other 
of massive asbestos near the summit of Pirpahar Hill (25° 23' : 
SG° 31'), three miles east of Monghyr (5, p. 201). These were 
probably incorrect identifications. 

Further prospecting, particularly in the area covered by the 
intrusive ultrabasic rocks of Dhalbhum, may bring to light more 
deposits, but the experience of the past is by no means favour¬ 
able. 
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CHAPTER XI. 

BARYTFS. 

Although, the occurrf^nce of baryteo, a barium sulphate, has 
been known in Bihar for many years there has been little active 
production of the mineral. 

Most of the world’s production of barytes is used in the manu¬ 
facture of lithopone. which is the basis of many paints, and it i-' 
used also in the manufacture of motor tyres and other rubber goods. 
It is also used as a filler in the paper, cloth and linoleum industries, 
and it is a constituent of some types of glass, enamels and glazes. 
Other uses are as a source of barium chemicals and even as a furnace 
lining. Perhaps its principal use in India is as a white pigment 
and inert extender. Quite a considerable amoiuit of barytes is 
used in India and Burma for weighting the mud-fluid in rotary 
drilling on the oilfields; the minerals high specific gravity makes it 
suitable for this purpose. 

A specimen of barytes, said to have come from Bramjan Hill 
(probably the Gaya Brahmjom temple hill) near Gaya, was brought 
to the ofl&ce of the Geological Survey of India in December, 1928. 

A series of veins of barytes occur in the granite-gneiss some 
11 miles east of Ranchi, striking more or less east and west through 
the following villages: Silwai (23° 22' : 85° 26'), Bahea (23° 23' : 
85° 29') and Bongabera (23° 21' : 85° 31'). A little galena is also 
associated, and it is probably for this reason that the deposits have 
not been exploited for paint manufacture. 

Specimens of barytes from Manbhum have been submitted to 
the Geological Survey from time to time in recent years (3). Most 
of these come from near Purulia, apparently from the village Mal- 
thol (23° 26' : 86° 26') on the Panchhot Ra] Estate. Some of 
these specimens have been of excellent quality, others have been 
associated with apatite, aUanite, galena, bismuthinite and bismuto- 
ephaerite. The field occurrences of these specimens have not 
been examined by the Geological Survey, but they appear to warrant 
some investigation. 

Dr« Krishnan of the Geological Survey of India, has recorded 
the presence of veins of barytes in the sericite-schists about half a 
mile to the southwest of Kolpotka (22° 22' : 85° 06') in Singhblium, 
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close !o tte Glangpur border (1). Tl^e^e veins are grouped m tvo zoues. 
In tile southern zone the veins occur vntLin an area .”00 yards by 
150 3 ’'ards, and 'veie worked in 1927 hj open cut. 2 to 21 tons being 
obtained per day. Barytes formed only 5 to 7 percent of the 
material extracted. The northern zone of veins was too poor to 
be profitably worked. 

Although specimens of barytes, said to have come from near 
Ghatsila (22° 35' : 86° 29'), have been shown to the author th" 
e.vact locality has never been found. 

It will be apparent from the above information that a barytes 
industry in Bihar is never likely to be other than small. Still, 
there does appear to be room for a more energetic investigation of 
what barytes deposits there are, with a view to determining whether 
some small local industry of a specialised nature, such as the ex¬ 
traction of barium salts in which only a small annual tonnage would 
bo required, could be developed in the province. 
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CHAPTER XIL 
BAUXITE. 

General. 

The name bauxite was given to a peculiar clayey substance 
which contaiiiS a very high percentage of alumina and water, some 
ferric hydroxide and a comparatively small percentage of silica and 
other impurities. In India it is a variety of laterite relatively 
free from ferric hydroxide. 

Bauxite has been found in many parts of India, associated with 
the widespread laterites, particularly tliose which cap tlic Deccan 
trap. In Bihar, they have been found on several of the small 
plateaux which rise to a height of 3,000 feet in western Chota Nagpur. 

There has been a certain small annual production of bauxite 
in India, but for various reasons tlie utilisniion of the excellent 
deposits in Bihar has, until recently, been almost entirely neglected. 
An alumina works and almninhim reduction plant was in course 
of erection near the Damodar river southeast of Asansol at the 
outbreak of the war in 1939, but owing to most of the machinery 
having been on order from Czechoslovakia the plant had not 
arrived. Another similar alumina and aluminium works was to 
have been erected in the South Karanpiira coalfield, but this pro¬ 
ject was dropped in favour of a scheme in South India. As matters 
stand at present there is a hope that an alumina works will be erect¬ 
ed in one or other of the coalfields in Bihar as a war measure, but 
no aluminium reduction works so far as can be judgetl at present. 

Uses. 

The industrial applications of bauxite are manifold. Perhaps 
its moat important use is as a source of the metal aluminium. The 
ores available in Bihar are suiHcientlJr high grade for this purpose, 
but until recently the deterrent to the mamxfacture of aluminium 
in this country has been the lack of readily available supplies of 
cryolite, which is required in the process of reduction, and also 
the necessity of obtaining a cheap supply of power. Although 
cryolite could be imported, now that calcium fluoride (fluorite) is 
available m the Central Provinces it may eventually be possible 
to produce artificial cryolite in India. 



BAUXITE. 


83 


Bauxite can be manufactured into a high-quality refractory 
brick for furnace linings, and it is also the raw material for the 
manufacture of certain almnina abrasives which are used as grind¬ 
ing powders or made into grinding wheels, etc. It is also now 
widely used in the manufacture of aluminium sulphate and other 
aluminous salts. Certain commercial products, Imown as '' alu- 
mino-femte ’’ and alferite ”, are prepared by digesting crude 
bauxite with sulphuric acid and are used in the preparation of all 
but the finest papers, in the precipitation of sewage and refusQ 
liquids, and in the clarification and decolarisation of water supplies. 
The aluminium salts are directly used in the chemical imlustries 
of dyeing, tanning, and printing. Aluminium chloride has been 
recommended for the preservation of wood, whilst an impure chloride 
containing also calcium and sodium salts is a disinfectant. The 
quick-setting properties of alumina cement, ciweM fonduy have 
long been known; experiments have recently been made in India 
for the prepaintion of alumina cement from local bauxite and lime¬ 
stone. Most of the bauxite produced in India, to date, has been used 
l^y the oil companies for the purification of kerosene. 

Classification* 

For commercial purposes bauxites may be classified into the 
following varieties: 

{a) Normal bauxite. High-grade ore with over 60 percent 
alumina, and fair quality ore witli 55 to 60 percent 
alumina. Excluding combined water, total impurities 
should not exceed 20 percent. The chief impurities, 
ferric oxide, silica and titania, each should not exceed 5 
percent. 

(6) White or siliceous bauxite. Contains upwards of 66 per¬ 
cent alumina, and not more than 20 percent impurities 
excluding combined water. Silica from over 6 to about 
20 percent. Ferric oxide less than 5 percent, Titania 
up to 5 percent. This class of ore is moat frequently 
used for chemical purposes, and the preparation of alum 
or other aluminium salts. 

(c) Titaniferous bauxite. The alumina should average 66 per¬ 
cent and the total impurities, excluding combined 
water, should not exceed 26 percent. Titania above 7 
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percent. Silica les:? than 5 percent. Ferric oxide .shoTild 
not exceed 10 percent. Thebe bauxites are rare except 
in Indii. but should prove valuable Ijccau^e of their 
titania content which it may be possible to collect as a 
by-product if the Bayer process i^- used for treatment of 
the ore. 

(d) Ferruginous bauxite. Alumina content should be near 52 
percent, and total impxuities not greater than 25 per¬ 
cent. Ferric oxide between 10 and 25 percent. Silica 
less than 5 percent. Titania normally less than 5 per¬ 
cent. This variety of bauxite is that generally used for 
reduction to aluminium. 

Soii.e analysis of tt^^ical bauxites from Bihar are given in Talde 4. 


Table 4. —Analyses of Bihat'' bauxites. 


— 

1 

2 

3 

4 

5 

6 

SiO, 

Percent 

1-70 

Percent 

0*18 

Percent 

0*16 

Percent 

1*54 

Percent 

0*10 


TiO, 

3-30 

12*02 ! 

13*81 

8*70 

16*12 ; 

7*40 

u,o, . . 

04*64 

51*69 

52*45 

62*00 

5243 

66*98 

Fc.O, . . 

1 6*21 

0‘t>2 

8*GS 

1 5*99 

I 

7 89 

5*92 

CaO 

0*04 

• • 


1 

•• 


MgO 

0*02 

0*78 

1*28 


2 20 

trace. 

H,0+ . . 

24*00 

29*92 

23*94 

21*96 

•^i-so 

21*40 


1. Nctarhat, analysis by Dr. Warth. 

2. Khamar Pat, 10 miles north of Lohardaga, Ranchi district. 

3. Bagru Pat, 6 miles W. K. W. of Lohardaga, Ranchi district. 

4. Budha Pat, 10 miles W. of Lohardaga, Ranchi district. 

5. East of Serendag (23'^ 22' : 84® 29'), Ranchi district. 

0. Rajadera (23® 17' : 84® 14'), Ranchi district. 


Localities. 

A detailed account of the baurite occurrences in Bihar is given 
by Fox (2, pp. 164-1R3), of which the following is a summary. 

The bauxite deposits are confined to the edges of the scarps 
bounding the latexite-capped plateaux in western Chota Nagpur, 
in Palamaa and Banchi districts. 
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In Palamau, small deposits of bar.xite have been found on 
Jemira Pat, west of Mahuodancl (23'' 24' ; 84° 07'), and Netarhat. 

The important deposits are in Ptanchi district. The largest 
plateau is that of Serendag (23° 22' : 8i° 28') wliich may be divided 
into four distinct areas and around which there is a minhnum of 
440.000 tons of bauxite, with also, in places, some clay deposits. 

Possibly the best deposits are on Bagru Pat (23° 29' : 84° 36') 
where there is a minimum of 500,000 tons associated with which 
there are excellent clays which have some of the properties of fuller's 
earth. 

On Dudha Pat (23° 25' : 84° 30') there are at least 250,000 tons, 
on Kutcha Pat (23° 11' : 84° 20') 100,000 tons, on Khamar Pat 
(23° 37' : 84° 41') 60,000 tons, and on Banjari Pal (23° 22' : 84° 30') 
50,000 tons. Considerable but unknown tonnages occur on Pakhar 
Pat (23° 34' : 84° 37'), Chapiiadhia Pat (23° 28' : 84° 34'), and on 
Pakri Pat near Eajadera (23° 17' : 84° 16'). Small deposits are 
known to occur on Oronga Pat (23° 36' : 81° 38'), Banda Pat (23° 22'; 
84° 32'), and Bar Pat (23° 17' : 84° 26'), but in the absence of de¬ 
tailed prospecting little can be said about them. 

Indications of the occurrence of bauxite have been found on 
a number of other small plateaux in this area, and it would appear 
that the total amoxmts of l^auxite which will eventually he found 
availalde, when mining is undertaken, will prove to be many times 
the above-quoted quantities. 

Very recently deposits of aluminous ’aterite, approaching bauxite, 
have been found in the Kharagpur hills, j onghyr district, on TJaruk 
hm (25° 11': 86° 28'). Maira hill (25° 1: 86° 32') and Khapra hiU 
{210': 80° 27'). 


Mode of occurrence. 

The caps of the high plateaux in western CLota Xagpur axe 
outliers of Deccan trap which represent the denuded remains of an 
original continuous sheet, and represent a very old land-surface 
now almost completely removed. These traps have been subjected 
to sub-aerial alteration over a prolonged period of time and this 
alteration, in a tropical climate of alternating wet and dry seasons 
such as in India, has resulted in the formation of laterite, a hydrated 
oxide of iron and alumina, the greater portion of silica and other 
constituents, apart from titania, having been removed in solution. 
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The rocks thus become covered by a layer of laterite, which, in the 
plateaux of western Chota Nagpur, probably averages 30 feet in 
thickness but may vary considerably, depending on local contour 
and rock variations around and on the plateaux. 

On studying sections across these plateaux, it is found that 
certain well defined layers may be distinguished between the surface 
and the unaltered rock below. At the surface there is generally 
a thin layer of red or yellow clay, but this is absent in many places, 
particularly around the scarp-edges of the plateaux, and the under- 
Ipng layer of hard ferruginous laterite is commonly exposed. This 
layer may be of variable tldckness, but 1 to 8 feet is most usual. 
Along the scarp-edges of the plateaux this hard laterite is tv"] ically 
pisolitic in structure. Immediately below this hard layer of ferru¬ 
ginous laterite there is a layer of bauxite varying considerably 
in thickness, usually from 8 to 24 feet, but always thickest at the 
edges of the plateaux scarps or below any stream depressions in 
the plateaux surfaces, and completely thinning out laterally towards 
tlie centres or higher parts of the plateaux. At tlic extreme edges 
of the plateaux, along the scarps, the bauxite, like the ferruginous 
laterite, is commonly pisolitic in structure. Below the bauxite and 
immediately below the hard laterite in the centres of the plateaux, 
there is a zone of soft porous laterite, generally 12 to 30 feet in thick¬ 
ness and extending down to groundwater level. Underlying this 
is a zone of laminated siliceous lithomarge, firom 6 to 20 feet in 
thickness and in places forming a useful clay. This overlies kaolinised 
trap, which may be 40 to 60 feet in thickness before the unaltered 
trap is entered. 

This orderly arrangement is the result of unchanging conditions 
of rock alteration, drainage, and seasonal sequence over a prolonged 
period of time. Below groundwater level kaolinisation of the rocks 
is taking place. Above groundwater level the more soluble constit¬ 
uents, such as silica, are carried downwards either in solution or 
as colloids, leaving this zone higher in alumina. The iron hydrox¬ 
ide is either drawn to the surface by capillarity during alternating 
dry seasons, or remains in the lower part of the zone, so that between 
the two layers of laterite the zone becomes impoverished in iron, 
and increasingly rich in alumina. The alumina itself forms a gel 
which separates out on the outer scarp face of the leached bauxite 
layer as pisolitic bauxite. The actual chemical processes involved 
fcarm a difficnit and perhaps, as yet, uncertain study. 
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Futu/e. 

There is no doubt that the bauxite deposits of Bihar will be a 
valuable asset in the future. Althougli information as to their 
distribution is well enough known, there is no exact knowledge of 
the actual reserves available. However, 1 he minimum reserves 
calculated in some of the localities are sufficient to warrant the 
establishment of industries to utihse this bauxite, and it can be 
safely left to the companies concerned lo determine their own 
reserves. 

Furtlier prospecting in iheoe western plateaux will undoubtedly 
}>ring to light new deposits of bauxite. It is doubtful whether 
juospecting of the hiteritc in other parts of Bihar will result in 
finding bauxite deposits elsewhere, but it is certain tJiat high alumina 
latcrites w^ould be found which could be used for certain purposes. 

The actual development within the province of industries based 
on these ])auxites should be encouraged. All the facilities of coal 
supply and cheap power are available. 
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CHAPTEE XIII. 

BUILDING MATERIALS. 

General. 

Bihar is particularlv fortunate m the many different varieties 
of rock which are available not onlv for construction of buildings 
but also for diverse civil engineering purposes. These materials 
range from alluvial clays for brick making, sands for mortar and 
cement-concrete, and gravels for road metal, concrete and railway 
ballast, to various types of building stones, roofing slates, ornamental 
stones, and limestones for the manufacture of cement. 

In general the production of building materials in Bihar is 
of local importance. Adjacent provinces to the west possess equal 
resources of this nature. Bengal is not so fortunate, and a certain 
amount of building material does find its way into that province 
from Bihar, but in some cases there is competition with cheaply 
transported sea-borne material imported into Calcutta. 

Espansion of the trade in building materials in Bihar is certain 
to continue with development of civil engineering and building 
construction in the future, and there is little question that the pro¬ 
vince’s resources wUl be well able to take care of aU that may be 
required. 

Building clays. 

The sources of clays for brick-makiug purposes are indicated 
in Chapter XV. They are widely distributed; most are alluvial 
deposit which vary in suitability, and, although generally of a sandy 
nature producing bricks of poor quality, there is no dearth of 
material suitable for the manufacture of the best quality bricks. 
The same may also be said of clays used for the manufacture of 
roofing tiles. Clays are also required for the manufacture of cement. 
At one time the Sone Valley Portland Cement Co. obtained its 
clays for this purpose from the (Jondwana clay beds near Daltonganj, 
but local alluvial clays close to the works at Japla are now used for 
this purpose. 

In Bihar there is scope for some research on the suitability of 
the various clay deporits for the manufacture of bricks and tiles of 
various types. 
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Building stones. 

Giavite and granite-gneiss .—and granite-gneiss are widely 
distributed tliroushout Cbota Nagpur, but, presumably because 
these rocks are difficult to work, they are not quarried for building pur¬ 
poses although they are much used for road construction. These 
granitic rocks would undoubtedly form a most pleasing bufldmg 
stone and some of the curiously banded and figured granite-gneisses 
could even be used fur ornamental purposes. Because of their 
hardness, quarrying and dressing of these rocks would be more 
expensive than in the case of sandstones. 

Laterite .—Laterite has been used for building construction to 
a certain extent in Singhbhum and Manbhum close to deposits of 
the material. It is very easily quarried and ^vorked, and rapidly 
hardens on exposure. Just over the border from Biliar, in Bengal, 
it is used very extensively in such places as Kharagpur where there 
is a thick surface layer of laterite. It is a very cheap form of 
building material but, if unrelieved by any other rock, it has rather 
a monotonous appearance. 

Sandstones and quartzites .—suitable as building stones 
occur in vaiious geological formations and in various districts in the 
province. 

Sandstones and sandstone-quartzites of the Iron-ore Series in 
Singhbhum are quarried for local building purposes, particularly 
near Barijol (22^ 34': 85° 51'), northeast of Chaibasa and north¬ 
west of Galudih station (22"' 39': 86° 25'). They provide an 
easily worked stone, usually of a light grey or pale-buff colour 
of quite pleasing appearance, some having a slightly greenish tint. 
They all weather very well and can be used in the most exposed 
positions. The harder stones could take quite a good polish, but 
as a rule they are used rough-dressed. Some of the conglomerates 
which are found vith these sandstone-quart 2 dtes would make a 
most attractive building stone, bat would be difficult to work. 
Similar Archean sandstone-quartzites in Monghyr and Gaya dis¬ 
tricts are equally suitable for building purposes. The quartzites 
east of Dharhara station (25° 15' : 86° 24') are cut into blocks by 
contractors and sold to the E, and N. W. Eail’way. The usual 
rate is about Es. 32 per 1,000 cu. feet. 

The basal sandstone of the Kolhan Series in Singhbhum has 
been quite extensively quarried for building purposes in Chaibasa. 
It is a finely banded, well-bedded and easily worked stone of dark 
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purplish colour. Although for the most part it is rather soft it is 
quite resistant to weathering and retains its rather sombre colour 
indefinitely in any exposed position. For some local buildings in 
Chaibasa it is used with the light grey Iron-ore Series sandstone- 
quartzites, which relieve its sombre tone. 

Excellent fine-grained sandstones are a/ailablc in the Vindhyan 
rocks of the Kaimur hills in Shahabad distiict. These ]Drovide 
perhaps the best building stones in the province. Tliey occui* in 
massive beds permitting the extraction of quite laige blocks. Their 
colour is generally pale red to grey, sonic arc banded or mottled, and 
sandstones from the continuation of the t.anio beds over the border 
in the United Provinces, near Chuuar and Mirzapur. have retained 
their colour even in the most exposed positions tliroiighoui the 
centuries, in such Moghul buildings as at Fatelipur Silcri, Agia, 
Delhi and Benares. 

Gondwana sandstones have been used on tho coalfields for build- 
ing purposes. Sandstones of Talchir age from the Bokaro coal¬ 
field have been used for building piupuses and as paving stone& iu 
Hazaribagh. Sandstones of both the Raniganj and Barakar stages 
have been used in the vicinity of the Raniganj coalfield and the 
Jharia field. These are usually fairly soft, medium to coarse-grained, 
often rather felspathic, and of grey or pale buff colour. They 
are not, perhaps, so pleasing as the Vindhyan or Archean sandstones, 
but they are very cheaply worked, 

Slate ,—^Within the Archean sedimentary rocks of the province 
slates are common enough, but they are usually too soft and brittle 
to be of value for building purposes. However, slate of good 
quality is quarried in the Kharagpur hills in the neighbourhood of 
Dharhara station, Monghyr, and is used for roofing, flooring, elec¬ 
trical purposes and children’s slates. A certain amount of slate 
quarrying has been carried out also in Singhbhum, to the south¬ 
east of Bhitar Dari (22° 41' : 86° 11'), and near Buhuta (22° 34': 
85° 44'), 

Traf .—^Trap from the Rajmahal hOls was formerly used in 
temples and forts, but its dark-grey colour is by itself scarcely 
conducive to inspired architecture on modern standards. However, 
with careful selection and blending with other building stones, 
it may stili find a wide use in building construction. Large quan¬ 
tities of trap from these hills are used in Bihar and Bengal as road 
metoL 
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Ornamental stones. 

As yet the stones which might be suitable for ornamental pur¬ 
poses are practically imdeveloped. One reason for this is, perhaps, 
the fact that ornamental stones may be imported fairly cheaply 
from overseas through Calcutta, but the main reason has probably 
been that it is not customary in the province to spend money on 
purely ornamental stones for building construction. However, if a 
demand should arise for material of this nature, there are several 
rock-types which might be investigated. 

Banded-quartzites, —Banded-quartzites occur in the Arohean sedi¬ 
mentary rocks of the province, especially in Singhbhum. Some of 
these rocks are very finely banded, and in many the bands are 
delicately contorted into close folds. The best of these rocks are 
probably the banded-hematite-quartzites of South Singhbhum, which 
consist of thin alternating dark, pale red, and white layers. These 
rocks are extremely hard but take a high polish, and, for certain 
limited purposes, would provide an ornamental stone of unusual but 
striking appearance. 

Epidosite ,—Outcrops of beautifully tinted yellow-green epidosite 
occur in South Ranchi, northwest of Dasauri (22® 56' : 86® 37') 
and south of Rugudih (22® 53' : 85® 39'), and in South Manbhum, 
north of Sekradih (22® 54' : 85° 50'). South of date (22® 55' : 85® 16') 
in Ranchi district, the rock is finely banded. These rocks could be 
used for ornamental purposes, such as for panels. The localities in 
which they occur are not, however, very accessible. 

6ranite-qneiss,— ?^ome of the granite-gneisses which occur in Chota 
Nagpur are so beautifully figured that they could be used for orna¬ 
mental purposes, such as for wall-panelling, stairways, architraves 
and lintels. They would be susceptible to a high polish- 

Marble ,—^Within the granitic rocks, and extending as a belt 
from the western end of the Bokaro coalfield to southwest of Dal- 
tonganj, there are a series of outcrops of crystalline limestones 
and marbles. These are being quarried for use in cement manu¬ 
facture and in the iron and steel industry, but occasional patches 
have a purity and quality of colour suitable for ornamental work 
or even statuary. 

Rose quartz ,—Associated with many of the pegmatites of the 
mica belt there is abundant rose quartz. This varies from pale 
pink to rose colour and is translucent. On polishing, the rock 
takes on a most pleasing depth of texture and it would be very 
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suitable for small panels or carved ornaments. 4t present the 
rock is being thrown away on the dump heaps. It is particularly 
abundant in the mines northeast of Parsabad station, and, if care 
were exercised in mining, quite large pieces could be extracted. 

Serpentine ,—Associated with the Archean ultrabasic igneous 
rocks, which are found in parts of Chota Nagpur, there are occur¬ 
rences of serpentine. In Singhbhum these are found ijiot only in 
the vicinity of the chromite deposits west of Chaibasa, but also 
almost everywhere that ultrabasic rocks are known to crop out, 
and are particularly widespread in Dhalbhum. No attempt has 
ever been made to open up these serpentines to determine whether 
they would be suitable for ornamental purposes, but presumably, if 
a demand should ever arise, they would be investigated. 

Soapstone ,—In many parts of Chota Nagpur soapstones have 
been quarried {hee Chapter XXXII) for use as household utensils. 
Many of these rocks are greyish green in colour, are pleasantly 
figured, and easily carved and polished. They could be used ex¬ 
tensively for ornamental purposes if the demand should ever arise. 

Lime and cement. 

The uses and occurrences of limestone in Bihar are described 
in Chapter XXIII, For the building industry limestone is manu¬ 
factured into lime and cement; in Bihar the rock is not applied 
directly as a building stone, although some of the purer marbles 
could, perhaps, be used for that purpose. 

The principal deposits occur at the edge of the Kaimur hills 
near Rohtasgarh in Shahabad district. Other deposits are scattered 
within a belt extending west from the western end of the Bokaro 
coalfield to southwest of Daltonganj. 

Another widespread source of lime in Bihar is hankar, w^hich is 
found scattered not only over the surface in alluvial areas but also 
over soil covering granite, basic igneous rocks, and sedimentary 
rocks. The Jcankar is formed by the segregation of calcareous 
material into irregular lumps. With these calcareous concretions a 
certain amount of argillaceous matter is included, and the propor¬ 
tion of this in many cases is such that, on burning, the kankar pro¬ 
duces almost a hydraulic lime or natural cement ”, 

Road metal. 

In the extensive alluvial tract north of the Ganges rocks are 
absent; material fox nusJdng roads has to be brought from a 
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considerable distance and is expensive. To the south of the Ganges, 
however, and extending across Chota Nagpur to the southern border 
of the province, road-making materials are plentiful, and local 
supplies of reasonably suitable rock-types can be very frequently 
obtained within the close vicimty of the roads. 

Perhaps the most smtable materials for roads carrying heavy 
traffic are the medium and fine gramed basic igneous rocks, which 
have not suffered weathering or decomposition. These include the 
traps of the Eajmahal hills, dykes cutting the granite and other 
rocks in Smghbhum, Manbhuni, and other parts of Chota Nagpur, 
and the extensive lava flows in the Archeans of Smghbhum, Eaachi, 
and Manbhum. In opening up a quarry on these rocks—or, indeed, 
on any rock to be used as a road metal—^tiie upper weathered and 
decomposed surface should be rejected and only the hard fresh rock 
used. 

The quartzites which occur in the Archeans also provide suit- 
able road metal, providing they are hard, dense, and not too coarse 
grained. Where these quartzites have been recrystallised to a 
coarse rock of sugary texture, they tend to break up imder heavy 
traffic and wear rapidly. Quartzites of good quality are well dis¬ 
tributed in Gaya, Monghyr (KJiaragpur hills), Hazaribagh, Man¬ 
bhum and Eanchi. Their outcrops generally form hill-country and 
they are easily quarried. 

The granites and granite-gneisses can be used for road making, 
providing the finer-grained, fresh and dense material is selected. 
The hornblende-granites are normally more suitable than those 
which contain abundant mica. Coarse porph 3 rritic granites should 
be avoided, as the large felspar crystals break up rapidly along the 
cleavages under load. Quartz from quartz veins is sometimes 
used as road metal. Such veins are widely scattered throughout 
Chota Nagpur. 

For roads carrying lighter traffic, gravel can be obtained almost 
anywhere over the granite of Chota Nagpur. Laterite also makes 
a good road surface. 

Ballast 

The same materials which are used for road construction, such 
as trap, dolerite and quartzite, are also suitable for railway ballast. 
In addition they find a use as aggregate in concrete mixes. The 
basal Tertiary gravels of Dhalbhum have been quarried for many 
years close to Dhalbhumgarh station, and have been used as baDaat 

g2 
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along the permanent way of the B. N. Ely.; this gravel also pro¬ 
vided the aggregate in the concrete for the pier foundations of the 
new Howrah bridge. A very unusual material was used in the 
concrete for the construction of the monoliths at King George’s 
dock in Calcutta; this was the slag collected from the dumps left 
by the ancients around their copper smelters at Roam (22"^ 38': 
86^ 24'), near Rakha Mines, Dhalbhum. 

Sand. 

The river sands of Bihar are sufficiently clean in many places to 
be suitable for use either in plaster, mortar, or concrete. 
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CHAPTER XIV. 

CHROMITE. 

Introduction. 

The occurrence of chromite (an oxide of iron and chromium) 
in Singhbhum was first discovered by Mr. R. Saubolle in 1907. 
The deposits have been worked almost continuously since 1909, 
although the annual production has fluctuated mdcly according 
to market requirements. The annual production during recent years 
is given in Table 5. 


Table 5. —ProducMon of chromite. 


\ ear. 

Bihar. 

India. 

Tons. 

Rupees. 

Tons. 

Rupees. 

1929 . 




3,149 

68,440 

49,.565 

8,41,769 

1930 . 




3,101 

99,222 

50,684 

8,67,456 

1931 . 




2,749 

37,269 

19,913 

3,15,026 

1932 . 




7,638 

1,08,972 

17,865 

2,75,675 

1933 . 




7,068 

1,01,904 

15,526 

2,23,243 

1934 . 




7,010 

92,237 

21,576 

3,10,066 

1933 . 




11,397 

1,20,514 

39,127 

4,79,963 

1936 . 




7,053 

83,899 

49,486 

6,04,492 

1937 . 




7,678 

1,07,258 

1 62,307 

8,35,58<i 

1938 . 




5,194 

99,928 

44,149 

6.82,502 

1939 . 




4,476 

1,01.218 

49,136 

6,35 511 


The principal mining companies are the Singhbhum Chromite 
Co., Ltd., and Tata Iron and Steel Co. 

No other workable deposits of chromite are known in Bihar, 
although a httle has been mined from the adjacent detached part 
of Saraikela State known as Karaikela. 

Uses. 

The mineral chromite is the only available commercial source 
of chromium for metallurgical and chemical purposes, Chrcmite 
is smelted to form ferrochrome, which is used m the manufactTire 
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of special clirome steels; chromium is one of the main constituents 
of stainless steels. The metal is widely uses for chromium plating. 
The mineral chromite is an excellent neutral refractory, withstanding 
high temperatures, and is manufactured into bricks for furnace 
linings. Oxides of chromium and chromates of the alkalies are 
employed as pigments, and in dyeing, calico printing and in tan- 
ning. 

Chromite from Singhbhum has been used for the manufacture 
of chromite bricks for refractory purposes, and in the manufacture 
of chromates. 


Grading, 

The Singhbhum chrome-ore is selected into three grades, first 
grade containing over 47 percent CrgOg, second 44-47 percent 
Cr^Og. Low grade chromite is “ concentrated ’’ by a primitive 
process of hand-picking and winnowing which is at the same time 
wasteful. Presumably a much cleaner product could be obtained 
by mechanical means with a lower percentage of loss. 

The impurity in the Singhbhum chromite is almost entirely 
serpentine, which forms the matrix between the grains of chroimte 
in the ore. 


Occurrence. 

In the neighbourhood of Jojohata (22® 31' : 85® 38'), a village 
some 11 miles west of Chaibasa, Singhbhum, there are outcrops 
of ultrabasic igneous rocks forming the hills knowm as Eomsi Bum, 
Kitta Burn, Chitung Burn and Eoro Bum in the Anjedbera Pro¬ 
tected Forest and the Sahedba Reserved Forest. These ultrabasic 
igneous rocks are peridotites, and include such types as saxonite, 
and dumte. They have been intruded into the surrounding slates 
and phyllites, sometimes with ihe formation of chert along their 
margins. 

The peridotites have been quite widely serpentinised, and grains 
of chromite are quite abundantly scattered in the serpentinised 
rock. In addition, well-defined veins of chromite also occur. Al- 
thou^ the mineral was a primary constituent of the peridotite, 
the veins appear to have been formed by the movement of late 
magmatic liquid along planes of weakness in the peridotite; this 
liquid not only gave rise to serpentinisation in the peridotite but 
al^ deposited chromite along the vein channels. 
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The veins are lenticular in shape, up to 3 feet thick and 100 feet 
long. Individually, therefore, the deposits are small, but quite a 
considerable number of the veins have been exposed. 

The veins are worked by small open-cuts, and so far it has not 
proved economically feasible to undertake deep mining even if these 
thin veins should prove to continue to any depth. 

Specimens containing chromite have been recorded (4) from 
Hotag hill, Silli (23° 21' : 85^^ 50'), in Ranchi district, and from Baida 
Chauk (24® 46' : 87® 02'), 5 miles from Mandar Hill station, in Bhagal- 
pur district, but these appear to be merely of mineralogical interest. 

Wherever ultrabasic igneous rocks occur in Bihar they are well 
worth closely prospecting in case chromite is associated with them. 

Future. 

Although the total reserves of chromite-ore in the Jojohatu area 
are not known, it is obvious that there are no large deposits and 
the industry is not capable of any considerable expansion. The 
jungle is thick in this area and undoubtedly other veins will be found 
which will permit the industry to continue for a good many years 
on approximately its present rate of production. 

It would appear that, if Bihar is to make the best use of the 
Singhbhum chromite-ore, it should not be exported as such, 
but should be manufactured in the province into alkali bichromate 
or made into ferrochrome. The possibihty of its use for the latter 
purpose should be very closely studied and developed. 
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CHAPTEE XV. 

CLAYS. 

General. 

Althougli the working of clay deposits and the manufacture 
of firebricks forms a very considerable industry in Bihar, there is 
room for farther research on the clays available in the province. 
Although the clays being utilised at present for the manufacture 
of firebricks are fairly well known, as also are a few of the more 
important kaolin deposits, little detailed information is available to 
the public about many deposits of clays scattered throughout the 
province, although in^vidual firms presumably ha\e much data. 
In view of the large clay resources in Bihar the ceramic industry 
should be capable of great expansion in the future, and china-clays, 
at present sent out of the province, will undoubtedly be utilised by 
local pottery works. 

Information on clays in Bihar is not only meagre but is also 
scattered in various publications. Kecently, however, two very useful 
accounts have appeared, one by W. H. Bates and the other by H. 
Crookshank, and in these most of the available information has been 
summarised. To any one who should undertake detailed work on 
Bihar clay deposits a study of the literature listed at the end of 
this chapter is imperative. The present account can do no more 
than summarise the available information. 

In Bihar an extensive industry has grown up based on the use 
of the various types of clays. Within the province there are four 
large manufacturers of refractory clay goods: Bihar Firebrick and 
Potteries, Ltd., Rulfurbari Firebrick Works, Kumardhubi Fireclay 
and Silica Works, Ltd., Keliaiice Firebrick and Pottery Co., Ltd., 
whilst fireclays are also sent to vorks in Bengal. Most of the 
china-clay is sent out of the province, to be used in the paper and 
textile industries. Statistics of production of china-clays, and re- 
fraeto:^ and other ceramic clays in the province during recent 
yeans axe given in Table 6. 

Apart from the manufacture of tiles by the Bihar Firebrick 
and Potteries, Ltd., only firebricks are made by the works in Bihar. 
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Biliar clays are, however, sent to Bengal for the manufacture of 
sewer pipes and fittings, sanitary ware, domestic utensils, and roofing 


Table 6.— Production of clays. 



Bihae 

IMjU. 

Year 

Production of china- 
clay 

Production of all 
clajs 

1 

Production of 
china-claj 

Production of all 
rlajb 


Tons. 

Value 

in 

rupees 

Ions 

Value 

in 

lupees 

i Tons 

Vilue 

in 

rupees 

Tons 

Value 

in 

rupeta. 

1929 

9,418 (a) 

1,80,532 

27,131 

2,67,203 

16,657 

2,10,251 

363,628 

i 5,44,524 

1030 

9,646 (a) 

98,639 

30,731 

1,94,251 

[ 19,116 

1,29,698 

180,310 

3,61,630 

1031 . 

14,006 (/») 

1,53,483 

22 503 

1,87,576 

23,365 

1,79 690 

160,968 

1 3,41,^92 

1932 

9,645 (a) 

80,039 

20,898 

1,06,028 

13,486 

97,442 

130,384 


1933 . 

10,549 (a) 

52,951 

32,319 

1,08,650 

21,935 

60,656 

400,525 

i 2,81,513 

1034 

11,843 (a) 

51,159 

44,300 

1,46,759 

21,300 

80,317 

I 367,305 

3,43,223 

1935 

7,272 (a) 

97,878 

35,11b 

1,85,212 

14,955 

1,30,172 

311,049 

3,93,557 

1936 . 

9,661 fa) 

86,493 

17,524 

1,04,098 

20,110 

1,12,740 

318,512 

i 2,93,373 

1937 . 

7,407 

1,27,091 

11,687 

1,33,547 

1 17,081 

1,57,133 

330,007 

3 25,578 

1038 . 

7,493 

1,37,005 

10 872 

1,38,360 

i 23,037 

1,76,633 

320,860 

3,70,270 

1930 . 

11,371 

2,38,997 

18,301 

2,55,159 

41,207 

3,57,455(5) 

323,603 

5,24,909 


(а) Includeb Onssa. 

(б) Value of Travaucore production not included. 


materials of a non-porous nature; china-clays are manufacturer! 
into pottery ware, insulators, acid jars, urinals, and wash howls. Apart 
from insulators the china-clay and porcelain products of Indian 
works are not on the whole equal as yet to imported European ware, 
but the quality is steadily improving. 

Uses and classification. 

Clays are essential for many purposes, but the principal uses 
in Bihar are in the manufacture of village pottery, building bricks, 
cement, firebricks and other refractory articles, ceramic ware, and 
as a filler in the paper and textile industries. Other minor uses 
to which clays are put in Bihar are in the manufacture of soap, 
and for medicinal purposes, colour washing and the modelling of Hindu 
images. 
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The more impure clays are suitable only for the village potter, 
or for the mamxfacture of bricks for building purposes, and also 
for the manufacture of cement. Such clays are usually found 
adjacent to the villages or works. 

Clavs of better quality, necessary for the firebrick, ceramic, 
paoer and textile industries, may be divided into varieties from the 
industrial point of view: («) refractory claj's, used for the manu¬ 
facture of firebricks and other refractory articles, and {h) non¬ 
refractory clays, used in the ceramic and other industries. Such 
clays are of three types—sedimentary clays, kaolins or clays derived 
from the decomposition of felspar in situ, and lithomarges or clays 
which are found immediately underlying laterite. 

The best quality clays, which can be used for the manufacture 
of high-grade white ceramic goods, or are white in colour and can 
be used in paper and textile industries, are known as china-clays. 
The majority of such clays are kaolins, but it by no means follows 
that all kaolins can be used for these purposes, as staining destroys 
the value of many. All true kaolins are highly refractory, but 
only the poorest qualities are used for making refractory materials. 
Certain sedimentary clays are sufficiently pure and white in colour 
to be used as china-clays. The prices w^hich china-clays command, 
particularly those of good quality, are far higher than those for 
other clays. 

Occurrence. 

Potter’s clay .—^The village potter uses smtable earths adjacent 
to his -village for the manufacture of roofing tiles, domestic utensils 
and local brickmakiug. These earths are either the decomposition 
products of the rocks in situ or are sedimen-ts deposited along river 
valleys, and are very impure. They naturally vary enormously 
in quality from place to place, giving rise to fired products of different 
colour, porosity and strength; the pottery manufactured in certain 
localities acquires a reputation for particular purposes owing to 
some peculiarity in property. In -view of the widespread ^.listribu- 
tion of the potter’s clays, any survey of them throughout the pro-vLnce 
would be a special undertaking. 

jBrwA* clays .—Clays suitable for brickmaking may be very im¬ 
pure; they are -widely distributed in Bihar, and are obtained as 
surface earths, and from the recent aUu-vium of the Gangetic plains 
or aloiig rivet valleys. It is possible to manufacture bricks almost 
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iiny^'liere in the province from clays adjacent to building sites. 
Such bricks vary widely in quality, but usually the standard re¬ 
quired in this part of India is not high. On the whole, the greater 
the plasticity of the clay the better is the quality of the brick. The 
poorness of many bricks used in the province is a consequence of 
the very sandy nature of many of the clays used. In view of the 
widespread nature of this material, brickmaldng clays need not be 
discussed further. 

Fireclaijs--^^^ great majority of the refractory clays in Bihar 
occur as beds associated with the coal-seams in the Gondwana 
rocks. The best clays occur more particularly in the Barakar 
series but they are found also in the Raniganj series. The fireclays 
from this source are made into refractories which are equal to the 
best of other countries. The Gondwana clays are used also for the 
manufacture of ceramic ware. Some analyses of these clays are 
given in Table 


Table 7. — Analyses of Bihar fireclays. 


— 

1 

mJ 

3 

4 

5 

0 

SiO> 

AL63 • 

j'e04.Fe>0^> - 

TiO, 

Mgd 

CaO 

Na.O . 

K,6 

H,0 

Percent 

44*70 

38*08 

1*20 

1*96 

tr. 

tr. 

0*14 

0*76 

13*63 

Percent 

49*96 

34*44 

1*00 

1*62 

tr. 

0 22 

12*07 

Percent 

63*08 

33-42 

0-50 

2 00 
0*20 
0-11 

Percent 

53-58 

30-88 

0*68 

' *0*22 
0*28 
0*25 
1-15 
12*98 

Percent 

54 43 
30*77 
0*77 
1*36 
0*35 
0*20 

' 0*36 

11*72 

Percent 

60-02 

27-65 

1-20 

1-40 

0-33 

0-12 

9-79 

Total 

100-47 

99*31 1 

1 

99-31 

100*02 

99*96 

100-51 


1 XT r TCiimardhubi, Manbhxim district. Barakar fireclay used in the Kumardhubi 
and Silica works. Analysis b\ Bird & Co. 

o InMcld, Manbhum district. Barakar fireclay used in the Kumardhubi 

“• silica works. Analysis by Bird & Co. 

^Qlfiftld Hanbhuni district. Calcined clay from Barakar beds. Used 
3. Ranig^l Kumidkubi Fireclay and Silica worics. Analysis by Bird & Co. 

^ Manbhum district. Analysis by Bird &; Co. 

-niftria coalfield, Manbhum district. Refractoriness cone 31. Free silioA 
^ Analysis by the Bihar Fire-bricks & Potteries, Ltd, 

6. Bajhara, Palamau. 
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On the Raniganj coalfield the carbonaceous fireclays occur near 
the Damodar and Barakar rivers, over quite a large area. The 
seams vary from 1 foot 6 inches to 3 feet and more in thickness, 
the average being about 2 feet. They are interbedded with sandstones 
and dip at a fairly steep angle. The quality of the clays varies 
widely, but by mixing material &om different sources clays of suit¬ 
able properties can be obtained. 

On the Jharia coalfield the fireclays are found mainly in the 
vicinity of Jharia station and towards Pathardih station (23° 40' : 
86° 26') close to the edge of the coalfield. The seams of fireclay, 
interbedded with sandstones, vary from 18 inches to several feet 
in thickness, averaging perhaps 2 feet 6 inches. The quality of the 
clays varies greatly on the Jharia coalfield; there are many clay- 
seams which are useless for firebrick maldng, and all require careful 
selection and blending with clays from other districts for the manu¬ 
facture of high-grade refractories. Variation in quality down the dip 
is sometimes noticeable. 

On the Daltonganj coalfield fireclays are worked near Rajhara 
station (24° 00' : 84° 14'). The seam averages about 10 ft. thick; 
lime nodules have to be removed. It is a good plastic fireclay 
and is used for mixing with harder clays firom the Raniganj coal¬ 
field. 

Obviously the reserves of these classes of clays in Bihar are 
great but will depend upon the economic limit of depth to which 
they can be mined. 

Clays of presumably Archean age from Pirpahar (25° 23' : 86° 31'), 
3 miles east of Monghyr, were also used at one time for refractory 
purposes. They appear to be equally suitable for pottery ware. 

China-day and kaolin ,—Beds of white clay in the Gondwanas 
are used as china-clays for the manufacture of pottery. Seams of 
white clay, 4 to 5 feet in thickness, are found in the Rajmahal 
hills, near Hiira {24° 69' : 87° 23') and at other places along the 
western margin of the hills. At Mangal Hat (25° 04' : 87° 51') 
china-clay is obtained by crushing the sandstone and washing out 
the clay constituent—this is the material used by the Bengal Pottery, 
Ltd. 

Kaolin is formed in rocks as a result of the decomposition of 
felspar. Although there is a distinct mineral known as kaolinite, 
clays of this origin consist of a mixture of kaolinite with other similar 
naineocalB, and fine colloidal materiaL Hence their eompositioii and 
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physical properties vary somewhat. The majority of kaolin depos¬ 
its have been formed by the alteration of granite, either in conse¬ 
quence of weathering or as a result of hot solutions or gases which 
have permeated the rock. 

Kaolin deposits normally contain much fine quarts which it is 
necessary to remove by washing. The clay is carried off with the 
water and allowed to settle. The proportion of clay to rejected 
material is generally less than 25 percent. In Bihar, the best kaolin 
is produced in Singhbhum, near Hat Gamaria (22*^ 16' : 85"^ 45'), 
where the quality was probably at one time equal to the best Cornish 
clays, and the price realised was Ks. 30 per ton, which, although 
only half the price of Cornish clays, is far higher than that of other 
Indian kaolins. The Singhbhum kaolin has been extensively used 
by Indian textile industries. One of the difficulties of kaolin deposits 
in Bihar is the wide variation of quality even within the one deposit, 
so that their products are not regarded as being as reliable as im¬ 
ported clays. 

Some analyses of Bihar china-clays are given in Table 8. 


Table 8. —Analysis of Bihar cMna-claySn 


— 

1 

2 

3 





Percent 

Percent 

Percent 

SiO^ . 




57-00 

55-00 

48-95 

Al.O, . 




39-11 

40-38 

36-28 

FeO-fFe,Oj . 




trace 

trace 

0-89 

TiO^ . 





., 

* • 

MgO . . 




1-21 

1-32 

0-05 

CaO . . . 




1-42 

2-20 

0-86 

Na^O . 

KoO . 




1 1-26 

1-00 

.. 

h;o . . . 




14-00 

10-00 

11-48 


Total 


114-00 

110-00 

99-11 


1. Patharghatta hill, Bhagalptir district. Kaolin. The analysis is of ignited clay. The 

loss by ignition was recorded separately. The clay was dried at 212°F. Analyst, 
G. Macdonald, 1860. 

2. Patharghatta hill, Bhagalpnr district. Fine white clay. The analysis is of ignited 

clay. The loss by ignition was recorded separately. The clay was dried at 
212°F. Analyst, G. Macdonald, 1860. 

3. Hat Gamaria, Singhbhnm. Kaolin- 4*88 percent of tho SiOj is insoluble. This 

is the average of 6 analyses of best quality kaolin. 

TAtfmmrges .—In consequence of certain peculiar changes which 
iialce place in rocks durii^ the formation of laterite, a zone of clayey 
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niaterirJ of very varied composition is usually formed immediately 
beneath the lateritic surface layer. This zone is usually ferruginous, 
but is higher in alumina and lo^sei in silica than is Icaolin. Litho- 
marge may vary in colour from white, where free from ferric oxide, 
to deep red-brown, according to the amount of ferric oxide present. 

According to Bates a characteristic of lithomarge is that it will 
not remain in suspension no matter how finely ground. It cannot, 
therefore, be used for some of the purposes for which china-clay is 
used. An analysis of lithomarge from Serendag (23° 22' : 84° 28'), 
Ranchi district, is given in Table 9. 

Table 9 .—Serendag lithomarge, 

SiO. 

AI3O3. 

FeO-f-Fe.Oo. 

TiO, . “. 

Mgd. 

CaO. 

Na-jO. 

K>0. 

H^O. 

Total 


Localities. 

Bhagalpur district .—^Kaolin occum in the weathered gneiss and 
in the overlying Gondwana sandstones at Patharghatra hill (25° 20': 
87° 16') on the Ganges near Colgong, and in the adjacent hill of 
Kasdeh. These deposits were first worked in 1860. In the gneiss 
the kaolin is said to extend down to 100 feet, whilst the clay beds 
in the sandstone total 40 feet in thickness, each bed being 3 to 4 
feet thick. High quality pottery was turned out between 1860 to 
1864. In more recent years the clay has been worked and des¬ 
patched to Calcutta (6) by the Bengal Potteries, Ltd. 

Good quality clays have also been reported from Samukhi 
(24° 57' : 86° 52') and Letwabaran (24° 39' : 80° 61'), Banka sub- 
dh ision. 

Gaya district ,—A sample of kaolin from a place given as Howakola 
in Nawadili subdivision was found to be of fair quality on testing 
in the Geological Survey laboratory. Details of the field occurrence 
are not known, but the locality is probably Kauakol (24° 51': 85° 53'). 

Hazarihagh .—^Fireclay has been obtained from Emlo (23° 48'; 
86® 00'), presumafafy from the Gondwanas, 


Percent 


I 


46*75 

39*59 

0*22 

0*5S 

12*70 

99*84 
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Manhhnm district. —Kaolin is found in granite in many 
places, but is usually of inferior quality. Ball records (.6, p. 112”) 
an occurrence at Katras (23° 48' : 86° 21'). It has also been w'oiked 
at Taldih (23° 24' : 85° 56') and near Tundi (23° 59' : 86° 27'). It 
is associated with schists in the southern part of the district 
near Raiabasa (22° 49' : 86° 29'), at Dandudib (22° 59' : 86’ 33'), 
Tamakhun (22° 59' : 86° 36') and Balrampur (22° 59' : 86° 38') 
(9, p. 231). The clay from Balrampur is used as paper filler. 

Fireclays are quarried from Barakar rocks at numerous places 
on tlie Kaniganj coalfield, tlie principal firms being Kumardhubi 
Fireclay and Silica Works, Ltd., Eeliance Firebricks and Pottery 
Co., Ltd.^ Burn & Co., and Bihar Firebricks and Potteries, Ltd. 
The clay beds are up to 4 feet in thickness. The clay is grey to 
black before burning, but burns to a white or cream colour. The 
plasticity is variable, as also are the contraction percentages and 
refractoriness. Most of the deposits are near Kumardhubi (23^ 15' : 
86® 47'). The localities are; Chhatabar {23® 45' : 86° 44'), Mugma 
(23° 45' : 86° 45'), Palasia (23® 44' : 86° 45'), Marmah (23° 46' : 
86® 47'), Mera (23® 45' : 86° 48'), Eajpura (23® 46' : 86° 46'), Bir- 
singhpur (23® 47' : 86° 44'), Sangamahal (23® 45' : 86® 44'), Ketha- 
ridbi (23® 44' : 86® 28'), Kapasara (23® 46' : 86® 45'), Chirkunda 
(23® 44' : 86° 48') and Brindabanpur (23® 34' : 86® 46'). 

On the Jharia coalfield, fireclays are worked by the Bihar Fire¬ 
brick and Potteries, Ltd., from the lower Barakar beds near Tetul- 
mari railway station (23® 49' : 86° 20'). They occur in discontinuous 
beds, one to three feet in thickness, parallel to No. 9 coal seam. 
The Kumardhubi Fireclay and Silica Works, Ltd. obtain clays from 
Parbad (23® 42' : 86® 27') and Makunda (23° 44' : 86® 28'), and 
other deposits occur at Sulunga (23® 43' : 86° 28') and Chandkuiya 
(23® 45' : 86° 28')* 

Monghyr district.—k good quality kaolin has been reported from 
Nawadih (24° 47' : 86° 23'). At Pirpahar, 3 miles east of Monghyr, 
a clay deposit was at one time worked by the E. I. Railway for the 
manufacture of firebricks used in the Jamalpur workshops. The quarry 
is at present abandoned as the firebricks are now purchased from 
manufacturers. According to P. K. Ohatterjee the deposit is ex¬ 
tensive and the clay is hard, fine and of good plasticity; it sliould 
be suitable for pottery-ware and as a filler (14, p. 6). Another 
similar deposit occurs about a mile to the southeast of Pirpahax, 
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Palwniau district .—^Fireclays occur at Eajhara (24° 06' : 84° 8') 
on the Daltonganj coalfield and are nsed by the Eeliance Firebrick 
and Pottery Co. 

Ranchi disirirt.—Lithomarge is fonnd in large quantities below 
the laterite on Serandag plateau (23° 22' : 84° 28'), Bagru Pat 
(23° 29': 84° 36'), Disclunatia Pat (5 miles west of Lohardaga) and 
on the other plateaux in western Eanchi district. Some of these 
are said to have some of the properties of fuller’s earth (7, pp. 32, 
167-182). 

,4 specimen of clay from near Eanchi, submitted to the 0-eological 
Survey laboratory, was found to be suitable for making firebricks. 
The exact locality is not known. 

Singhhhvm district. —^Kaolin deposits occur at many places in 
Singhbhum. Most of them occur within the granite; others have 
been formed by alteration of the rocks close to the granite (8, piJ. 163- 
164; 9, pp. 229-231). Localities recorded are: near Hat Gamaria 
(22° IG' : 85° 45'), Kashmandu (22° 10' : 85° 45'), Katahpara (22° 13' •. 
85° 43'), Mahuldiha (22° 14' : 85° 41'), Telaipi (22° 25' : 85° 55'). 
Karanjia (22° 07' : 85° 45'), Pandrasali (22° .38' : 85° 48'), Majri 
(22° 42' : 85° 40'), Madkumhatu (22° 32' : 85° 48'), Metiabandi 
(22° 33' : 86 ° 38'), Kharhi dungri (22° 32' : 86 ° 46'), and Dharadih 
(22° 43' : 86 ° 32'). Of these deposits, those in the vicinity of Hat 
Gamaria have produced a better quality kaolin than in most others 
(10, p. 299). These deposits south of Hat Gamaria extend to a depth 
of at least 70 feet, but the ratio of material excavated to refined clay 
is only 18 to 1. Some of the clays in Singhbhum are only used locally 
as a colour wash. 

Santal Parganas.—'K&o&n. occxurs in many parts of the Eajmahal 
hills, both as an alteration product of the schists and granites, and 
of the felspar in the Damodar sandstone (6). The best deposits 
are said to occur at Dudhan (24° 16' : 87° 24'), Karanpur (24° 20': 
87° 23'), and Katangi near BasMa (24° 27' : 87° 23'). Other small 
deposits are reported near Bagmara (24° 38' ; 87° W), Bhurkunda 
(24° 20' : 87° 21') and Eajabhita (24° 66' : 87° 22'). At Mangal 
Hat (25° 04' : 87° 51') the clay is extracted from the sandstone by 
crushing and washing, and is used by the Bengal Pottery Ltd. 

Fireclays are found as beds interstratified wuth the Damodar 
sandstones along the western mar^ of the Eajmahal hills, near 
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Piarim (25® 00' : 87® 24') and on the southern side of the stream 
near Hnra (24° 69' : 87° 23') in the Hura coalfield, and also in the 
Dhamni and CShuparbliita coalfields (6). 
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CHAPTER XVI. 

COAL. 

General. 

India’s industrial development has been founded on the country’s 
coal resources. The coal trade is of such dimensions that India 
has held for many years the position of the largest coal producer 
amongst the British dependencies. Within India, over 50 percent 
of the total annual output is from Bihar coalfields. The output 

figures for Bihar and all India, during recent years, are given in 
Table 10. 


Table 10.— Produciio/i of cooil. 



Bihab. 

lUBIA. 


Tons. 

Rupees. 

Tons. 

Rupees. 

1929 

1930 

1931 

1932 

1933 , 

1934 

1935 

1936 

1937 

1938 

1939 

(o) 16,133,144 
(a) 15,064.426 
(o) 13,632,794 
(a) 11,847,216 
(0) 11,267,984 
(a) 12,630,406 
(a) 12,438,058 
12,016,914 
13,836,717 
15.364,079 
14,787,661 

6,37.64,328 

5,62,33,360 

4.87.78.145 

3,78,23,891 

3,33.42,520 

3,42,00,225 

3,29,60,609 

3,15,13,969 

4,09,23,918 

6,37,10,370 

4.84,02,895 

23,418,734 

23,803,048 

21,716,436 

20,163,387 

19,789,163 

22,067,447 

23,016,695 

22,610,821 

26,036,386 

28,342,906 

27.768,761 

8,93,59,124 

9,26,25.323 

8,26,98,364 

8,80,96,604 

6,11,86,083 

6.30,60,961 

6,52,20,840 

6.24,98.404 

7,81,02,439 

10,64,23,835 

9,87,23,916 


(a) Includes Eastern States and 

Orissa. 


AlthoTigh coal was known to oecnr in Bihar long before Inro- 
pean taade to open up the country, and a certain amount 


XU uaicutiia irom the Raniganj field during 
the latter part of tie eighteenth century, it was not until report^ 
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by the Coal Committees of 1838 and 1846 that the coalfields began 
to be investigated and worked in earnest. Production gradually 
increased until, during the 1914-1918 war, from Bihar alone an 
annual output of over 15 million tons was attained. Since then 
the output from this province has fluctuated slightly between 
12 million and 15 million tons, dropping in only occasional years below 
the former figure. Unfortunately, however, the price of coal began 
to fall in 1923 and continued to do so until the last three or four 
years, so that the total annual value of the coal produced has fallen 
far short of the pre-1923 figures. 

Almost the entire output of Indian coal is consumed in the 
coimtry, exports rarely exceed one million tons, most of this going 
to Ceylon and Hong Kong. In India, approximately one-third of 
the coal produced is consumed by the railways, one-quarter by the 
iron and steel industry (including engineering workshops), 10 per¬ 
cent is used by the coUieries (including also wastage), and perhaps 
6 percent is used for bunkering ships at the various ports. The 
remainder is distributed over a large number of consumers, the 
principal being cotton mills, jute mills, inland steamers, bKck 
kilns, potteries, cement works, tea gardens, and paper mills. 

Not only does the coal industry give direct employment to a 
labour force of between 160,000 and over 200,000 persons, but 
transport of coal is a great source of revenue to the railways, and coal 
consumption in all its ramifications through trade and commerce 
in India is the basis of a vast amount of employment. 

In the bibliography at the end of this chapter references to 
only the more recent literature dealing with the geology and reserves 
are given, as the accumulated written material on these fields has 
assumed enormous dimensions. This chapter can, also, only hope 
to summarise the more salient features of the coalfields. The most 
recent summarised account of these coalfields was given by Fox in 
1934 in Memoirs of the Geological Survey of India^ volume LIX. 


Uses, 

Apart from its direct use as fuel for pow'er purposes, an average 
pf approximately two million tons of coal from the Bihar iieids 

H2 
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are converted into hard coke for metallui^gical purposes. Only a certain 
comparatively small percentage of Bihar’s coal reserves is suitable 
for manufacturing into hard coke direct, but, by suitable blending, 
coals which are otherwise unsuitable may be used; there is room for 
much research on the blending of coals for coking purposes. An 
increasing quantity of soft coke is being manufactured from inferior 
grades of coal and used for domestic fuel; the amount of soft coke 
produced &om Bihar coal has now reached approximately one million 
tons per year. During the manufacture of hard coke several 
by-products are fonnecl, such as volatile oils, tar, ammonia and 
napthalene, which are now collected in most plants. Although 
the use of these by-products for the development of other indus¬ 
tries in India has not attained the dimensions of the coal by-product 
industries in Europe and America, there is little doubt that 
their use will receive increasing attention in the future. 


Grading and composition. 

Under an Act of Legislature in 1925 a Coal Grading Board was 
constituted to arrange for the classification and certification of 
exported coal. The follo^mg are the grades of Indian coals fixed 
by the Board; 

Lmp volatile coals. —(a) Selected grade, up to 13 percent ash 
and over 7,000 calories (12,600 B. T. U.’s). (6) Grade No. 1, up 

to 15 percent ash and over 6,500 calories (11,700 B. T. U.’s). (c) 

Grade No. 2, up to 18 percent ash and over 6,000 calories (10,800 
B. T. U.’s). (rf) Grade No, 3, all coals inferior to the above. 

High vdcUile coals.--(a) Selected grade, up to 11 percent 
ash; over 6,800 calories (12,240 B. T. TJ.’s) and under 6 percent 
moisture. (6) Grade No, 1, up to 13 percent ash; over 6,300 
calories (11,340 B. T. U.’s) and under 9 percent moisture, (c) 
Grade Nb. 2, up to 16 percent ash; over 6,000 calories (10,800 
B. T. U/s) and under 10 percent moisture. 

There is a considerable range in the character and quality of the 
coals found in the province, not only between separate coalfields, 
but also between coals of the various seams on each coalfield. These 
diSerences may be appreciated from the analyses of coals from the 
vmom parts of the province, given in Table 11. 
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Table \l.—Andyses of Bihar ooals. 


Name of seam. 


Volatile 
Moisture. matttj. 



Calorific Remarl-.s. 
value. 


Percent. | Percent. I Percent, j Percent. Calories. 
R^NIG'NJ C04I,IiTFLD. 


Baniganj Series — 

Ghusick—Upper Kajo- 
ra Seam. 

Nega—Lower Kajora 
Seam. 

Jambad Seam . 

Samla beam 
Dishergarh Seam 
Poniati Scam . 
Bardkar senes— 

Chanch—Beguma seam 
Ramnagar seam 
Laikdih seam . 

Kasta seam 
Bainagaria seam 

Banigani series— 

North Pipratanr Seam 
Huntodih (top) Seam . 
Bhdtdih Seam . 
Murilidib Seam . 
Baraknr senes— 

Jamadoba (XVIII) 
Seam. 

Noonudih (XVni) 
Seam. 

Bhutgooria (XVII) 
Seam. 

Bhagaband (XVII) 
Seam. 

Bbagaband (XVI) 

Seam. 

Lodna (XIV) Seam . 
Bbuggntdih (XIV) 

Seam. 

Kto .Tharia (XII) 
Seam. 

Kamradib (XU) Seam 
Bhariajoba (X) Seam . 
Dhansar (VIII) Seam - 
Narkbnri (^) Seam . 
Matiagaia (II) Seam . 


Bardkar series— 
Xargali Seam 


Bstrakarse^— 
Argadu Seam . 
Sirfca Upper Seam 


BaraJear series— 

Beoari naia No. 3 Seam 


Brtwrifcar aerja*— 
Baihara Seam 


Lover Ksrkarbwri mm- 
of Seam 

Mgdlpof^nfi- 
BflitoiA of Seem 


33 35 

54-50 

32-10 

53-65 

33 80 

54-70 

32 to 

55 10 

37*75 

51-55 

31-30 

57-80 

27 60 

60-00 

27-4 

55-20 

26 0 

62-60 

32-05 

57-00 

23 00 

62-00 


004LFIFIiD. 


32 0 

53-3 

32-2 

62-75 

31 0 

54-5 

20 3 

57-0 

2810 

56 80 

28*8 

50-3 

28 13 

68-85 

27-2 

59-6 

24-5 

602 

24-6 1 

61 0 

22-85 

64-7 

21-65 

62-35 

201 

65-3 

10-0 

62-4 

17-3 

61-57 

14-1 

66-2 

14-3 

68-0 


BOKABO 

1-16 I 23 57 I I 

SOTJT* KABAWBA. OOtLFIlflrP. 
4.15 1 S2-9'>j |0M{ 

1*01 I 31‘10 I 51'65 j 

HntAK COAIiFI«W>. 

11-42 I 31-33 I ^7-37 | 

DAXTOSOAKJF OOAtfiSKP. 

0-10 I 37-40 I 32-10 l 

Gmi'Il COALWELP, 


7,140 1 Sulpbnr 0-4(15. 


5,640 

6,r>25 SalpbBT trm 


Sidpimr 0-35. 
BnHtoO-SO. 
[ Solptiar 0-87. 
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Distribution. 

The coal production of Bihar is entirely from Gondwana rocks, 
a summary of the sequence of which has been given in Chapter III. 
The coal seams are confined to the lower Gondwana s, to the Barakar 
and Raniganj stages of the Damodar Series which, together with the 
intervening Barren Measures, total nearly 7,000 feet in thickness. 
In the Barakar or lowest stage of this series in the Jharia field there 
are eighteen workable seams totalling nearly 200 feet of coal. In 
the Raniganj or upper stage of the Raniganj field there are six 
important seams, but the latter are largely outside the limits 
of Bihar. The seams are laminated and well-bedded, and some 
may be as much as 40 feet or even more in thickness. Some seams, 
when followed laterally, split or unite, others pass gradually into 
carbonaceous shale. The seams are interbedded with sandstones 
and shales; as a rule the sandstones overlie the coal and the 
shales are below. Pebbles are commonly seen in the sandstones 
immediately above the coal. Generally, the beds are gently in¬ 
clined or horizontal, except in the vicinity of faults where they may 
be steeply inclined or even vertical. Most of the coal basins are 
bounded to a large extent by faults. 

A total of twentyone coalfields may be counted in Bihar, five 
arranged along the western edge of the Rajmahal Hills, nine along 
the Auranga-Damodar valleys, and seven in a belt to the north 
and parallel to the latter. 

The coalfields are grouped as follows, according to districts, 
numbers refer to those shown on the mineral map; 

Manbhm. —(1) Raniganj (part in Bengal), (2) Jharia, (3) Chandra- 
pura. 

HmaribagJi. —(4) Bokaro, (6) Ramgarh, (6) South Karanpura, 
(7) North Karanpura (part in Palamau), (11) Itkhori, (12) Chope, 
(13) Giridih. 

PaHanuiu. —(8) Auranga, (9) Hutar, (10) Daltonganj, 

Smial Parganas. —(14) Jainti, (15) Sahajuri, (16) Kundit Karaia, 
(17) Brahmani, ^18) Pachwara, (19) Chuparbhita, (20) Jilbari, 
(21) Huia. 

The Jharia, Raniganj and Bokaro fields, in that order, are easily 
tifte 3Q£k08t important^ the Giridih and Karanpura fields are also large 
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producers, wliilst from each of the remaining fields there is either a 
very small output or none at all. 

Raniganj coalfield ,—Ikying between longitudes 86° 36' and 87'^ 20' 
the present proved limits of this area of Gondwana rocks occupies 
about 600 square miles, but only the western end, west of the Baralcar 
river, lies in Bihar. 

The better quality seams of thk field are, with one or two ex¬ 
ceptions, confined to the Raniganj coal measures and these are 
largely outside the limits of Bihar. These measures include the 
following seams ranging from 10 to over 20 feet in thickness—' 
Ghusick - Upper Kajora, Nega - Lower Eajora, Jambad, Dishergarh, 
Sanctoria - Poniati. Of these, only the Dishergarh and possibly the 
Sanctoria seam (so far undeveloped) are of workable thickness in 
Bihar; they occur in the area lying south of the junction of the 
Barakar and Damodar rivers and the former is worked in the im¬ 
portant collieries of Deoli, Saltor and Parhelia. 

In the Barakar coal measures, the important seams include the 
Kalimati - Damagaria, Shampur - Laikdih and Chanch - Begunia seams 
though others of inferior quality occm: within Bihar to the west of 
the Barakar river. Including bands of inferior coal and shale, 
the seam at Kalimati is nearly 50 feet thick, while the Laikdih 
has been proved to be of even greater thickness to the west of the 
Barakar river. 

The Barakar coals have relatively low moisture, ranging from 
1 to 3-30 percent; comparatively low volatile contents, ranging 
usually from 21 to 30 percent; a high proportion of fixed carbon, 
ranging from about 62 to 64 percent. The better quality coals 
are excellent steam coals and tend to yield hard coke. The Raniganj 
coals have relatively high moisture, ranging from about 3 to 10 
percent (though 1*35 to 3 percent is often recorded for the Disher¬ 
garh seam); high volatiles, from 29 to 38 percent. Apart from 
the Dishergarh and Sanctoria seams, the Raniganj coals are cither 
non-coMng or produce a soft coke. The better quality coals are 
usually excellent gas coals and free-burning steam coals. 

The reserves of coking, non-coMng, and inferior quality coaliJ 
ficom the various seams weire given by Gee in 1934, and are quoted 
in Table 12, but no calculation has been made of what proportion of 
the total occurs in Bihar. 
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Table 12. —CocH reserves, Bcmigct/nj field. 


Kame of seam. 


Obiginal Quantity 
(Expbessed in tons). 


To a depth of 
1,000 feet. 

To a depth of 
1,000 feet. 

Coking coals of stjpeeiob quality. 

Bamnagar. 

Laikdili. 

Begunia. 

Sanotoria. 

Dishergarh. 

12,066,000 

18,343,000 

12,193,000 

13,336,000 

106,853,000 

22,227,000 

31,298,000 

26,672,000 

13,336,000 

237,372,000 

Original total .... 

Amount already exploited 

# • • 

162,791,000 

81,000,000 

330,905,000 

81,000,000 

Present reserves .... 

Non-coking coal of soperiob 
B amagaria-Salanpur ‘ A ’ 
Grourangdi-Kasta .... 
Shampur ‘ 5 ’-Laikdiii-Bahira ‘ 3 ’ . 

Top Potka-Qiancli-Begaiiia 
Sanctona-Poniati .... 

Bishergorli. 

Samla. 

Raghnnatkbati . . . . 

Jambad-Bowlah .... 
Nega-Bianaganj-Lower Kajora . 
Glmsick-Siarsol-Upper Kajora . 
Satpnkhuriya .... 

• • • 

QUALITY. 

81,791,000 

249,905,000 

62,006,000 

24,475,000 

43,156,000 

27,294,000 

170,335,000 

29,060,000 

131,582,000 

8,764,000 

132,090,000 

261,766,000 

172,225,000 

8,891,000 

99,156,000 

43,020,000 

113,736,000 

67,078,000 

324,379,000 

152,170,000 

131,582,000 

8,764,000 

132,090,000 

307,490,000 

300,374,000 

8,891,000 

Original total .... 

Amount already exploited 


1,071,644,000 

108,000,000 

1,678,730,000 

108,000,000 

Present reserves .... 

COAIi OF lOTHEIOE QUALITT. 
Original totid «... 

Amount already exploited 


963,644,000 

1,670,730,000 

. » • 

4,712,142,000 

81,000,000 

6,940,291,000 

81,000,000 

Present reserves.. . 

4,631,142,000 

6,889,291,000 

Coking coal of superior quality 
Non-coking coal of supenor quality . 
Coal of inferior quality , 




Ori^umltotal • . . , 

, 

5,946,577,000 

8,949,926,000 

Present reserves .... 





Jhtena ooedfidi .—^TMs field lies between longitudes 86° 06' and 
86° 90', and caveis an area of about 175 square miles. A la]^ 
part of tliis is made up of Talchir rocks, however, and only 84 square 
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miles is covered by the Barakars and 21 square miles by the Rani- 
ganj beds. Fox groups the coal seams of the Barakar series into 
the following stages: 

4. Phiilaritanr stage, comprising seams XVTII, XVTE, XVI. 

3. Barari stage, comprising seams XV, XIV-A, XIV, XITE. 

2. Nardkarki stage, comprising seams XII, XI, X, IX, VIII. 

1. Golakadih stage, comprising seams, VII, VI, V, r\^ III to 
base. 

The reserves of the Pholaritanr and Barari stages are of cokmg 
coals. The other stages yield non-coking coals. The Barakar 
series contains at least 24 seams of over 4-foot thickness, twelve 
being workable and aggregating 76 feet, whilst six seams are of 
considerable thickness and value. Seams Nos. XIV, XIV-A, XV, 
XVII, and XVITI are amongst the best steam and coking coals 
available in India. The Raniganj seams in the Jharia field are of 
less importance than the Barakar, being fewer in number and 
thinner. 

Fox has calculated the reserves of coals from the various stages 
in the Jharia field, and these are quoted in Table 13- 


Table 13 .—Coal reserves in the Jharia fidd. 


Seam. 

Millions of tons at depths of 

500 feet. 

1,000 feet. 

2,000 feet. 

Telmucha btago 




17 

29 

29 

Mumlidiii 




36 

61 

61 

Plmlaritani . 




116 

225 

225 

Barari . 




293 

568 

731 

Nardkarki 




680 

1,100 

1,550 

Golakadik 

• 



630 

1,103 

1,575 



Extras 

• 

36 

36 

36 



Total 

• 

1,707 

3,122 

4,237 


ClianiTafmra coalfield.—At the extreme western end of the Jharia 
coalfield, and separated from the latter by a sfaip of Talchixs, there 
is a small area, about 400 acres, of Barakar rocks, south and soutii- 
east of Chandrapura railway station (23® 46' : 86® 07'). It contains 
9 seams, and Fox calculates that the reserves of coal amount to 
about 15 million tons, most of which is of inferior qnalii?^. 
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Boharo coalfield ,—Tlie eastern edge of this field is only two miles 
west of the TalcMrs extending west from the Chandrapura coalfield. 
It forms a long narrow strip of Gondwanas mainly along the valley 
of the Bokaro river, between longitudes 85° 25' and 86° 05'. The 
field may be divided into two parts: East Bokaro, east of longitude 
85° 42', and West Bokaro to the west. To date, mining has been 
concentrated on East Bokaro, and almost entirely restricted to the 
Kargali seam. Other seams occur in East Bokaro, the more im¬ 
portant in downward succession being :— 

12-foot A seam, 

Kargali (100-foot) seam. 

Bermo (40-foot) seam. 

Karo (80-foot) seam. 

There are nineteen seams over 4 feet in thickness. Fox estim¬ 
ates that 1,000 million tons of coal are available of which half is 
of good coking quality. 

The West Bokaro field has not been surveyed in great detail, 
but the seams appear to be more disturbed and less attractive than 
to the east. However, not sufficient work has been done as yet 
for definite conclusions to be drawn as to the reserves of better quality 
coals available. 

Bamgarh coalfield ,—This field, about 5 miles south of the Bokaro 
coalfield, extends along the valley of the Damodar river between 
longitudes 85° 31' and 85° 42', covering an area of about 40 square 
miles. Three seams have been proved, 36 feet, 26 feet and 30 feet 
in thickness respectively, and of these only the middle 6 feet of the 
26-foot seam is workable. The field has not been surveyed in detail, 
however, all that can be said is that a minimum of 5 million tons of 
workable coal is available over an area of at least one square mile. 

South Karanpura .—^This field covers an area of 75 square miles 
between longitudes 85° 09' and 85° 30'. Production commenced 
6om this and the larger North Karanpura field in 1926 and develop¬ 
ment has increased considerably since the Barkakana-Daltonganj 
railway was opened. The number and thickness of the seams 
developed in Barakars of this field are comparable with 

ihe best areas of the Jharia coalfield. Some of the seams are of 
snusual thickness; one of them, the Argada seam, is up to 90 feet. 
The coal is a low volatile type, is classed as first grade, and much 
of it is useful for coking purposes. Beserves are at least 750 naillion 
tons. Most of the coal is being mined &om large open quarries. 
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North Karanpura» —Tlds field occupies an area of about 550 
square miles between longitudes 84° 49' and 85° 27'. Besides 
Talchir, Barakar and Eaniganj beds, representatives of tbe Pancbets 
and Mahadevas also occur in this area. Coal seams are found in 
both the Barakar and Eaniganj beds. The field has not been 
proved in detail, but a large number of seams are known to occur, 
some over 72 feet thick, some of first class quality and many of 
second class. Hughes estimated that 8,760 million tons of coal were 
available. According to Jowett, the total quantity of first and 
second class coal on the Karanpura fields must amount to between 
5,000 and 10,000 million tons down to 2,000 feet from the surface. 

Auranga coalfield. —This field, covering an area of over 100 
square miles, is situated between longitudes 84° 17' and 84° 43', 
and is traversed by the Auranga river. Several coal seams occur, 
some of them up to 40 feet in thickness, but they are so high in 
ash and moisture that they are practically worthless. The seams 
are also very disturbed by faulting, and dips are commoniy steep, 

Hutar coalfield. —^Covering an area of about 80 square miles 
between longitudes 83° 53' and 84° 10', this field is bisected by the 
north-flowing North Koel river. The coal seams occur in Barakar 
rocks, but there are also representatives of the Talchirs and Maha¬ 
devas. Five seams are known, these are thin over much of the 
area, but in places they thicken, one seam of 13 feet 8 inches being 
known. One 8-foot seam is of fimt class coal but most analyses 
show the seams to be of inferior grade coal. According to Dunn, 
over an area of four square miles 32 million tons of coal are contained 
in two workable seams. 

Daltongang coalfield. —This field lies to the north of the Hutar 
coalfield and is outside of the Damodar—^Auranga belt. It covers 
an area of over 200 square miles just to the north of Daltonganj 
(24° 02' : 84° 04'), but most of this is occupied by Talchirs, and 
only about 32 square miles by Barakar coal measures. Several 
thin seams occur, and, with the exception of a 29-foot seam at 
Eajhara (24° 10' : 84° 03') the seams rarely exceed more than 6 feet. 
The coal is non-coking and is nearly aU of inferior quality. La 
Touche calculated reserves of 9 million tons in an area of one square 
mile near Eajhara. The field has been worked in a smaB way for 
many years. 

Chope coalfiM. —^Chopping out in the Mohani river a mile and a 
quarter south of Chope (24° 02' ; 85° 14'), in Hazaribagh district. 
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there is a small area of Talchir and Barakar rocks covering less 
than one square mile. A seam, 4 feet thick, of inferior quality 
coal has been found. 

ItJchori coalfield.—K narrow strip of Talchirs with a small area 
of Barakars extends for 3| miles west of Itkuri (24'' 18' : 84° 10'} 
in Hazaribagh. Hughes recognised three seams, one 8 feet thick, 
but the middle 4~foot seam was the best in quality. He estimated 
the quantity of coal in the field at 1| million tons. 

Giridih coalfield .—This area of Gondwana rocks covers 11 square 
miles to the southwest of Giridih {24° 12' : 86° 18'), Hazaribagh 
district. There are three main seams, the Lower Karharbari, the 
Upper Karharbari, and the Bhaddoah seams. The Lower Karhar¬ 
bari seam varies between 10 feet and 24 feet in thickness, and pro¬ 
vides one of the finest coking coals in India for metallurgical pur¬ 
poses. The Upper Karharbari seam varied from 4 to 10 feet in 
thickness but is now practically exhausted. The Bhaddoah seam 
averages 6 feet in thickness. Other seams aggregate a thickness 
of 66 feet, but are of poorer quality. In 1934 Fox estimated the 
total available coal on the field to be about 49 million tons, but 
allowing for all losses he would not place life of the field at more 
than 26 years, even this is almost certainly an over-estimate. 

Jaivdi coalfield .—This field covers an area of about 5 square 
miles about 6 miles south of Madhupur railway station in the Santal 
Parganas. Mining is confined to two out of the four seams present, 
the mfifl-THTmim thickness of which is 7 feet. According to P. E. 
Chatterjee, 2 -million tons of good quality coal are available, of which 
1 million tons is coking coal. 

BahoQuri cocijield. —^This small outlier of Gondwana rocks, total¬ 
ling 12 square miles, occurs at Sahajuri (24° 08' : 86° 51') in the 
Santa! Parganas. The coal present is inferior as it is high in ash. 
According to P. K. Chatterjee 22 million tons of workable reserves 
ate contained in two seams of 18-26 feet thickness. 

KufdU Karaia coalfidd. —A small outlier of Gondwanas near 
Khairbani (24° 04' : 86° 59') in the Santal Parganas contains two 
thin seams of very inferior coal. 

Brahimni coalfield .—^Lower Gondwana rocks oooux in the Raj- 
mahai hilb in the vsdley of the Brahmani river, and contain coal 
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in the vicinity of Sarsabad (24° 18' : 87° 32'). According to Chak- 
ravarti about 291 million tons of inferior quality coal are present 
in a seam wbich is up to 4 feet in tbickness. 

Pachwara coalfield. —Coal is worked in a small way in lower 
Gondwana rocks near Bargo (24° 30' : 87° 24') and Chilgo (24° 33'; 
87° 28') in tbe Eajmahal bills, Santal Parganas. They are ail 
inferior high moisture coals. 

CJiujpaibhita coalfield. —^Lower Gondwana rocks between Dbamm 
(24° 48' : 87° 29') and Jiajori (24° 45' : 87° 26') contain several seams 
up to 9 feet in thickness, but all of poor quality. 

Jilbari coalfield. —Coal has been worked in Lower Gondwana 
rocks at Jilbari (24° 51' : 87° 24'), where two seams of poor quahty 
coal are availjible; one is 6 feet in thickness. 

Eura coalfield. —^Near the northern end of the Eajmahal hills, 
between Daria Chak (25° 08' : 87° 22') and Kisma (24° 56' : 87° 25'), 
there is an area of Damodar series rocks from which Ball recorded 
a niue-fool seam of poor quality coal near Chhota Bborai (25° 02' : 
87° 23'). 

Reserves. 

In the following estimates it shoidd, of course, be remembered 
that the greater part of the Eaniganj field lies in Bengal. 

In 1934, Fox calculated the total amount of coal in these fields 
to be as follows: 

Million tons. 

Giridih and 8antal Parganas ...... 250 

Eaniganj, Jliaria, Bokaro and Karanpura fields , . . 25,650 

Palaman district fields ....... +40 

25,960 


Eestricting the totals to include only seams over four feet in 
thickness and averaging 20 percent ash, lying ^vithin 1,000 feet of 
the surface, he estimated: 

Million tons. 


Giridili and Santal Parganas ..... 
Raniganj, Jlmria, Bokaro and Karanpura fields . 
Falamau ........ 

• 

80 

10,150 

40 



10,270 
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Estimating for seams of good quality coal of upwards of 4 feet, 
and to a depth of 2,000 feet, with an ash percentage of 16 (moisture- 
free basis), the following totals are obtained: 

Million tons. 


Giridih and Joint i ........ 40 

Raniganj ......... 1,800 

Jliaria .......... 1,250 

Bokaro. 800 

Karanpura. 750 

ffutar .......... 32 


4,672 


Eeberves of coals wHeli yield a hard metallurgical coke are as 
follo\\ ? : — 


Giridih . 
Eaniganj 
Jharia 
Bokaro . 
Karanpura 


Million tons, 
30 
250 
900 
320 

not estimated. 


1,500 


No allowance has been made throughout these estimates for 
losses in mining. These losses may be very considerable, and the 
life of some coalfields depends on only one or two seams and not on 
total reserves. Hence, only a fraction of the total reserves of coal 
may be available; it is doubtful whether even 30 percent can be 
coimted upon. 

If good quality coking coals are considered, and assuming a 
consumption of 4 million tons per year, Eos estimates the life of 
the reserves at 400 years, which is reduced to 200 years for an 
estraotion of 50 per cent. But these coking coals are now being 
used for other purposes besides the manufacture of metallurgical 
coke, and if this unwise practice is continued, Eos, in 1934, suggest¬ 
ed that supplies would be exhausted after about 40 years. This 
remark applies particularly to the Jharia field. 

Future, 

It may be expected that the principal development during the 
next few years will be the gradual extension of production ficom 
tJie Boliaio and Karanpura fields, whilst the Jharia field should, 
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at least, maintain its past prodaclion if greater care is exercised 
than has been often apparent in eaxKer years. The Gindih r*oalfield 
may be expected to maintain production for a few years jet beforo 
exhaustion of the seams leads to gradual closing down of the 
collieries. 

So far as production and development is concerned the coal 
companies are fully able to look after their interests and to increase 
production up to the market’s capacity for absorption. It is, 
perhaps, too much to hope that the smaller companies would vol¬ 
untarily amalgamate in some way, even if only to market their 
coal in the most rational manner, but some form of co-operation 
is essential for maximum conservation of the country’s coal 
resources. There is yet another point of view which experience of the 
past has demonstrated is important to the conservation of the 
coimtry’s coal reserves, and it is that each coalfield should be devel¬ 
oped on a plan which will ultimately lead to the minimum of wastage. 
Independent and indiscriminate minijig on the part of indi\ddual 
coal companies, with Kttle central control by Government, apart 
from that permitted by the Mines Act, has been the cause of great 
losses in leserv'es on the Jharia and Eaniganj fields. These losses 
should be avoided in the more western fields now being opened up. 
It can only be done by working according to a definite plan of 
development, comprising both a coordinated sequence of seams 
and of areas to be worked, mining good and poor qualities, coking 
and non-coking, impaitially. Perhaps it is not too late to do 
this in parts of the Jharia field even now. To construct sucb 
a plan would require a very full knowledge of the structure and 
seams of each field. In new fields this can only be obtained 
by cxteiisive boxing, and it is unlikely that Government can assume 
the expense of this. Tliere is, of course, the alternative of Govern¬ 
ment recovering such expense by means of a cess from any lease taken 
on a coalfield explored in this way. However, it seems to the author 
that some form of Gov'ernment control of the actual sequence of 
working the individual seams in these coalfields, and of the purpose 
for which the coal of various seams is to be u^^ed, is the only way 
to avoid a repetition of the past losses and waste which have been 
so characteristic of the Baniganj, Jharia and Giridih fields. 

The reservation of high quality coking coals for metallurgical 
purpx'$#‘S has, of course, become a necessity, though in the case of 
those fields already developerl this principle obviously has its 
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iiniitations on economic groiiucls. In future plannirig, in fields now 
]»eing opened, coal siiiiable for metallurgical purposes should be 
reser\ ed for those purposes and used for no others. It should always 
bo remembered that these are losources on which India^s industry is 
to depend in future, they have an infinitely greater meaning than 
the profits of individual zainindars or coal companies, and their 
future misuse will mean that India’s industry—and the country 
itself—will be the ultimate sufferer. It is essential that everyone 
connected ^vith the coal trade should take a long view in this matter. 

Regarding the future utilisation of Indian coals, the possibility 
of cleaning many of the high ash coking coals is undoubtedly of 
prime importance to Bihar. Other lines along which investigation 
is required include improvements in the domestic fuel industry 
together with the recovery of the more valuable by-products, and 
in the efiS-cient consumption of coal in the pulverised state. 
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CH VrTER XVII. 

COPPER. 

General. 

Many centuries ago. copper was snielt<'d in considerable quantities 
in Chota Nagpur, but tliis ancient smtitiiig industry bad long <lied 
out aud it is only in recent years, in Singlibliuin district, tliat copper 
smelting lias Loon revh'od by modern metbods. 

In soutbern Chota Nagpur a copper-bearing belt, some 80 miles 
in length and marked oul by old workings, commences at Duar* 
param on the Bamini river in tbe Kent Estate, Biugliblium, aud 
strikes in an easteily direction tbrougli Kbarsa\van and SaiV'ikcLi 
States into Dballibum subdivision, where it curves to the south¬ 
east through Rakha Mines aud Mushaliaid (Mosaboni), ending to the 
southeast at Baharagora. A full account of the history and 
geology of these deposits has boon published in a recent memoir of 
the Geological Survey by tlie present writer (10). 

The copper-ores of Binghbhuin have been the sulijeet of exploita¬ 
tion on European lines by various companies during the past seventy 
years, always until recently willi unsuccessful results due, in some 
cases, to the poor character of the deposits prospected and in others 
to the unwise expenebturo of limited capital on expensive plant 
before the deposits were prove<l. Such results caused business 
and mining men to avoid investment in the Singhbhum belt, aud 
consequently, during the years 1906-1908, the Geological Survey of 
India carried out a series of diamond drilling operations along the 
belt. This work redirected the attention of the public to the urea, 
and the Cape Copper Company, under the management of Messrs. 
John Taylor and Sons, after a farther prospecting campaign, tcK)k 
over the rights of an earlior company, the Rajdoha Mining Com¬ 
pany, at Matigara. This property, known as Rakha Mines, wa« 
actively developed, and at the end of August, 1918, the company's 
ore-reserves amounted to 407,000 short tons of an average assay 
value of 3*8 percent copper. Owing to the difficulty of procur¬ 
ing plant during the war, smelting furnaces were not in operation 
until 1918. A power house, concentration plant, sintering plant, 
and furnaces were erected, and a refinery completed during 1919- 
20* The total production of copper-ore and metal from the Bakha 
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Slines dming the 1919-1923 period amounted to 130,797 and 3,549*76 
tons respecti Nrely, valued at Ks. 18,08,141 and Rs. 41,58,154* In 
March, 1923, mining operations were stopped and the company's 
property was placed in the hanls of receivers. 

In 1920, the Cordoba Copper Company, also under the manage* 
ment of Messrs. John Taylor and Sons, prospected the Mosaboni 
area, on an option from the Cape Copper Company, and met with 
promising results. Two lodes, known respectively as the Main 
and Western Lodes, were opened up on sulphide ore down to a 
depth of 500 feet. In 1924, exercising the option, the mining 
rights were purchased from the Cape Copper Company. 

In 1922 another company, the North Anantapur Gold Mines, 
Limited, also managed by Messrs. John Taylor and Sons, com¬ 
menced an investigation of the Sideshar-KendadUi area, between 
the concessions of the Cape Copper Company and the Cordoba 
Copper Company. About the same time the Ooregum Gold Mining 
Company prospected a copper lode at Galudih in Kharsawan State, 
but with little success. 

In 1924, the Cordoba Copper Company was reconstructed as 
the Indian Copper Corporation, Ltd., with a capital of £225,000. 
and acquired also the neighbouring properties of the North Ananta¬ 
pur Gold Mines, Ltd., and the Ooregum Gold Mining Company. 
Work was concentrated upon the Mosaboni area, and by the end 
of April, 1925, nearly 329,000 tons of 4*04 percent ore had been 
developed. Operations were suspended during 1926 pending the 
raising of capital required for the erection of the necessary smelting, 
refining, and power plants. Early in 1927 the Anglo-Oriental and 
General Investment Trust, Ltd., London, assumed control, a sum 
of £350,000 was subscribed as debentures for the purpose, and the 
erection of power plant, concentration mill and smelter was com¬ 
menced at Maubhandar, alongside the Bengal Nagpur Railway, 
6 miles from the mine, near Ghatsila. 

In July, 1930, a rolling mill for the production of yellow metal 
or brass sheet (62 percent of copper and 38 percent of 2 ino) was 
completed itnd the first yellow metal sheet made in India was pro¬ 
duced. In 1931 the technical management of the corporatioL was 
handed over to the New Consolidated Goldfields, South Africa, 
Ltd., under whose management operations stiU continue. In 1932 
further debenture for £126,000 supplied ftinds to increase the plant 
in order to permit an expanded production of 50 percent. This 
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extension was completed in October, 1933, and tlie autlorised 
capital of tbe corporation now stands at £900,000. With the 
completion of this extension of plant the prcxluction capacity of 
the corporatioi» is ovei 6.500 tons of refined copper and 8,000 tons 
of yellow metal sheet per annum. 

The production of copper by the Indian Copper Corporation 
since smelting commenced is given in Table 14. 

Table No. li.—Production of copper and brass at 21anbha7idar. 


Year. 

1929 . 




Befined c opper 
ingots 

Tons- 

1,635 

Yfliow metal 
sheet. 

Tons. 

1930 . 




2,974 

718 

1931 . 




4,069 

3,637 

1932 . 




4,443 

5,440 

1933 . 




4,800 

6,143 

1934 . 




6,300 

8,ISO 

1935 . 




6,900 

9,843 

1936 . 




7,200 

9,877 

1937 . 




6,830 

8,696 

1938 . 




5,330 

8,236 


Singhbbum ore^deposits. 

The copper-ores of Singhbhum are related to tongues of granite 
which intrude the schists. The ores occur as veins in the granite 
and in the neighbouring mica-schists, quartz-schists, and epidiorites 
or hornblende-schists. These veins are best developed along a 
zone of ovcrthrust, where they form well-defined lodes, as at Eakha 
Mines (22^ 38': 86° 22'), Mosabom (22° 31': 86° 28') and Dhobani 
(22° 31': 86° 27'). At Mosaboni the country rock is granite, 
altered to chlorite-biotite-quartz-schist along the lode-channels; at 
Dhobani it is epidiorite altered to biotite-chlorite-schist along the 
lodes, and at Eakha Mines it is quartz-schist altered to chlorite- 
sericite-quartz-schist along the lodes. Individual lodes usuaUy con- 
sist of one or more veins of “solid’’ sulphide varying in thickness 
from one inch to occasionally 2 feet, but the average would be only 
6-7 inches. On either side of this the sheared country rock is partially 
replaced by sulphides up to a variable width. The main sulphides 
are chalcopyrite and pyxrhotite with also some pyrite, pentlandite, 
violarite [(NiFe)^ SJ, and millerite. In addition, the gangue includes 
quartz, chlorite, biotito, tounmline, magnetite and apatite. At 
the surface the sulphides have been oxidised, and in the dumps Irft 

i2 
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by the ancient miners along the old \vorldiigs specimens of mala¬ 
chite. aznrite. rhrysocolla, cuprite and native copper are found. 
Specimens of chah'oeite are also seen occasionally. Usually the 
ancients have mined these ores at the surface so tlioroughly that 
outcrops of vein material are rare. 

At the western end of the belt, in North Singhbhum, ancient 
copper workings are seen at Duarparam (24° 40': 85° 34'), Jaypur 
(22° 45': 85° 36') and Roladih (22° 45': 86° 40'), but the veins 
here appear to be too insignificant to warrant prospecting. In 
Kharsuwan State veins of copper have l)een prospected at various 
times without success, paitioularly at Galudih (22° 47'; 85° 41'), 
as also in Saraikela State. Continuing further east into East 
Singhbhum or Dhalbhum, small copper lodes were prospected as 
long ago as 1857, between Dhadkidih (22° 44': 86° 10'), Nandup 
(22° 44': 86° 12'), Ramchandra Burn (22° 43': 86° 13'), and Hitku 
(22° 43'; 86° 15') but without success, and the evidence is not 
favourable to future prospecting. All of the above veins occur 
cither in granite-schivst or in the schists adjacent to the granite. 

The most favourable section of the copper belt extends south¬ 
east fiom Rajdah (22° 41': 86° 17') to Badia (22° 29': 86° 28'). 
At Rajdah a lode in mica-schists was worked in 1862 by the Hindus¬ 
tan Copper Company, and some ore v'as actually smelted and sent 
to Calcutta, but heavy preliminary expenses ruined th(^ venture. 
Further work was done in 1891 by the Eajdoha Mining Company, 
but unsuccessfully. No further prospecting has been carried out 
here, apart from some diamond drilling by the Cape Copper Com¬ 
pany subsequent to 1910. Although the earlier prospecting was 
admittedly of an unsatisfactory and inconclusive nature, the poor 
results of the Cape Copper Company’s boreholes give no encourage¬ 
ment for further prospecting. 

At Rakha Mines (22° 38': 86° 22') the copper lodes are in quartz- 
schist. The main lode was developed down to a depth of 9()0 feet, 
at the 9th level, when mining was stopped in 1922. The average 
strike length of the workings was about 1,600 ft., the dip of the 
vein 43^ The lode was almost completely stoped out down to the 
6th level. Any further reopening of the Rakha lode will depend 
entirely on development in depth below No. 6 level. There is 
another lode in the hanging wall, but it has scarcely been touched 
and little is known about it. A little to the south are other veins^ 
one of which has been developed from No. 4 shaft down to about 
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300 feet. On the western side of Eaklia ridge there is a line of old 
workings which were once cleaned out, l)ut no extensive prospect¬ 
ing has ever been done on them. 

On the northeastern side of Sideshar, just to the south of Rakha 
Mines, some prospecting has been done, and further work in this 
section appears to be desirable. Near Chapri (22® 37': 86® 24'), 
Messrs, Tata Sons, Ltd. and Messrs Gillanders Arbuthnot and Co. 
in partnership, put down boreholes bet^veen 1918 and 1920, but only 
one gave encouraging results. Presumably the veins here are 
locally rich but imporsistent. A mine was started here by the 
North Anantapur Gold Mining Co. in 1920 and continued to 1921; 
the lower of two parallel lodes was prospected, but no copper of 
commercial value was disclosed. The same company prospected 
a lode in quartz-schists and chloiitic schists near Kendadih (22® 35': 
8G° 26'), but although local patches of good ore were found the 
results were not encouraging for future work. 

A little to the south, at Surda (22® 33': 86® 26'), copper veins 
in a ridge were prospected in 1921 by the Cordoba Copper Company. 
Good assays were obtained, but the results were inconclusive. 
There are innumerable veins in the mica-schists and quartz-scliists 
here, but they all appear to be thin. Recently, the Indian Copper 
Corporation opened up workings here, but operations were sus¬ 
pended in 1938 when about 4,000 tons of an average value of 3*06 
percent copper had been developed. 

Boring has been carried out at Laukesra (22® 33': 86® 27') 
and although there is a ^vido lode the assay results of the bore¬ 
hole samples are not promising and the author w’ould hesitate to 
encourage prospecting here. 

From Laukesra southwards there is an outcrop of granite, and 
towards the western edge of this occurs a line of copper lodes extend¬ 
ing from west of Laukesra, through Mosaboni (22® 31': 86° 28') 

to south of Badia (22® 29': 86® 28'). The northern end of these 

workings, north of Mosaboni, has been tested recently without pro- 
Tnist ing results. 

Two roughly parallel lodes have been worked in the Mosaboni 
mine, the Main and West lodes. They dip east at approximately 
30®-35® from the horizontal and have been developed north and 

south for a total distance of some 6,000 feet. At the close of 1940 

the ore-reserves standing at the Mosaboni mine amounted to about 
one million short tons with an average assay value of about 2*00 
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percent copper. Further to the south of Mosaboni, exploration 
along the same line of workings has been commenced at North 
Badia and Badia, and ore-reserves amounting to 4,716 tons of an 
average value of 2-89 percent copper at North Badia, and 59,766 
tons of an average value of 2*76 percent copper at Badia, have 
been opened up. Underground, levels have been driven along 
the West lode channel, thus connecting Mosaboni mine with 
North Badia and Badia over a total length of some 15.000 
feet, but much of this is barren or unpayable. In addition, 
a continuation of the Main lode has been exposed at North Badia. 
but there are so far no indications of the existence of tliis lode at 
Badia, where operations have been solely confined to the working 
of the West lode. At Dhobani, to the west, a parallel lode in 
epidiorite has been developed, and the ore-reserves standing at the 
end of 1938 amounted to 127,131 short ton«{ averaging 3*14 per¬ 
cent copper. 

South from Badia, indications of only small veins are found 
south of Gohala (22"^ 29': 86"^ 30'). near Kanas (22"^ 30': 86° 31'), 
and at Khejurdari (22° 24': 86° 34'), but no indications of veins 
of any size are observed until the Subarnarekha river is crossed 
northwest of Baharagora (22° 16': 86° 43'). In the granite here, 
at Thakurdih (22° 18': 86° 41'), Jharia (22° 18': 86° 42'), Charak- 
mara (22° 17': 86° 41'), and Mundadevata (22° 18': 86° 42'), 
there are several long lines of old copper workings which deserve 
prospecting but have never been investigated In modem times. 

Elsewhere, in Singhbhum, small old workings have been seen 
at Churia Pahar (22° 18': 86° 36') and near Astakoali (22° 21': 
86° 29'), but these are not worth prospecting. 

Other occurrences- 

Several attempts have been made within the last 70 years to 
develop the old Baragunda copper workings (24° 05': 86° 04') in 
the Giridih subdivision of Hazaribagh district, first brought 
to notice by Me Clelland (1) and Smith (4). According to Mallet 
(6) the ore is of copper pyrites which occurs in lenticular stringers, 
usually up to |-mch thick but sometimes up to 3 or 4 inches, and 
parallel with the foliation of the schists. An average sample, 
selected from 260 toiis of richer ore, yielded 3*04 percent copper. 
!rhe cotoitry rock is gametiferous mica-schists with some quartzite, 
talc-schist and hornblende-schists* The deposit was later described 
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by Oates in 1895 (9). He found that the ore was in mica-schist, 
distributed over a zone 7-22 feet in width and averaging 14 feet, 
the average assay being 1-1'5 percent copper. The ancients mined 
to a depth of 120 feet along two sections, 1,400 and 1,000 feet in 
length respectively, the excavations being up to 120 feet in width 
at the surface. Oates records that the Bengal Baragunda Copper 
Co., formed in 1882, opened up 6 shafts; the most westerly shaft 
reached a depth of 330 feet, and from this 5 levels communicated 
with two other shafts to the east. Over a period of 10 years the 
maximum monthly production was 40 tons of copper, but the 
average of the best years was only 25 tons of copper. Water 
occasioned pumping difficulties. In 1888 the company produced 
218 tons of refined copper (8). 

In the same district, in the Patru stream near Golgo (24° 24': 
86° 22'), minute particles of chalcopyrite and galena have been 
noted in a rock consisting of garnet and diopside (7). 

Copper mirierals have been recorded from two localities in the 
Santal Parganas. At Bhairuklii (24° 36': 86° 36') Sherwill (2) 
in 1855 excavated narrow veins of copper-ore which strike east 
and west for 100 feet in tremolitic schist enclosed in biotite-gneiss, 
often gametiferous. The veins were followed to a depth of 150, 
feet by the Deoghar Mining Co. but only a few tons of ore, mixed 
chalcopyrite and bornite, were extracted as the deposit is poor. 
A little galena, tetrahedrite, cuprite and copper carbonates are also 
present. Sherwill also mentioned an occurrence of copper pyrites 
in the bed of the Ajai river, near Budhbandh (24° 00': 86° 51'), 
but it is merely of mineral interest (3). 

At Punda (22° 59': 86° 40') and Kalyanpur (23° 02': 86° 02'), 
in Manbhum, Ball found ancient copper excavations, in which the 
only signs of copper were the incrustations of carbonates on 
the schist and quartz debris around the workings (5). Copper 
mineralisation in Manbhum has been recorded (10, p. 121) also from 
Kantagora (22° 58': 86° 42') and Tamakhun (22° 59'; 86° 36'), 
but none is of likely economic importance. 

The presence of scattered grains of chalcopyrite is commonly 
noticed in many of the rooks in Chota Nagpur, but they are only of 
mineralogical interest. 

In conclusion it would appear that, apart from the Singhbhum 
copper belt and possibly the Baragunda deposib in Hazaribagh, 
the prospeols of opeiang up further copper deposits in Bihar are nif. 
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Ore-treatment by the Indian Copper Corporation. 

The treatment of the ore at this very efficient works is, 
briefly, as follows :— 

Tie nm-of-mine ore is crushed to 4-inci cubes, then hand-picked 
on belts to remove waste rock when it passes to a secondary 
crusher, where it is reduced to |-inch, and is then taken on a belt 
conveyor to the ropeway storage bins. From the bins the ore is 
fed to buckets and conveyed a distance of about 6 miles over a 
mono-cable aerial ropeway to the concentration mill storage bins 
at Maubhandai. In the concentration mill, after fine grinding in 
ball mills, the ore goes to froth flotation machines where over 98 per¬ 
cent of the copper is recovered in a concentrate carrying approx¬ 
imately 24 percent copper. After filtering and drying, about 
one-thiid of the concentrate passes to a roaster for the removal 
of sulphur, then this, with the two-thirds sulphide concentrate, 
is charged into a reverberatory smelting furnace which produces a 
matte carrying 50 percent copper, and a waste slag. The 
matte is treated in converters where the sulphur and iron is re¬ 
moved, leaving a lov-grade or blister” copper, which then passes 
to a refining furnace for the production of refined copper in ingot 
form. Practically the whole of the refined copper produced by the 
company is remelted and converted into brass or yeUow metal ” 
by the adclition of zinc. The cast yellow metal is rolled in the 
company’s mill into sheet which is wholly marketed in India. All 
plant at the mine and works is electrically operated by current 
generated in the company’s power plant at the works. The elec¬ 
trical energy is generated by means of pulverised coal-fired water 
tube boilers and geared" high-speed turbo-alternators of a total 
capacity of 3875 K.W. 

Future. 

The Singhbhum copper belt has by no means been fully prospect¬ 
ed. The Indian Copper Corporation has done sound work in the 
Badia-Mosaboni-Dhobani-Surda area. There is still scope for 
smaller companies to prospect other parts of the belt, particularly 
at the southeast end. There is, however, little room for another 
smelting company; the present plant of the Indian Copper Corpora- 
tioa should be capable of dealing with all that it would be advisable 
to paroduce in this area. Any production outside of the latter’s 
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lease skoulcl preferably be sold to the corporation for smelting. 
Careful examination of milling and transport costs at any particiilai 
prospect would decide whether the ore should be concentrated on 
the spot before despatch to the smelter, or whether the ore as mined 
should be sent. It is possible that small deposits or pockets of richer 
ore, capable of being hand-picked, may repay min ing and despatch 
to Maubhandar by individual prospectors or groups of prospectors 

In 1936, attempts at geophysical prospecting were made near 
Mosaboni and Dhobani. An electrical induction method was used, but 
the results were entirely unsucessful. In the present stage of our 
knowledge of geophysical prospecting the author would not recommend 
the use of such methods over this are in the immediate future. 

Copper mining in Singhbhum will always be an anxious 
undertaking. Assay values and lode dimensions are small and the 
margin of profits is a minimum, but providing the price of copper 
remains above £35 per ton, and there are no future serious labour 
difficulties, the industry should have many years ahead of it. 
The industry is important both to the province and to India, and 
every efPort shouhl be made to keep up supplies of ore to the smelter, 
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CHAPTER XVIII. 

GLASS-MAKING MATERIALS. 

Qeaeral. 

Since 1914 there has been a gradual development in the glass¬ 
making indxxstry in India. However, even to-day imports of glass 
and glassware into this country are great, the annual value at 
a minimum being more than one and a quarter crores of rupees and 
occasionally exceeding two and a quarter crores. There is obvious¬ 
ly scope for a very considerable local expansion of this industry. 

The development of a glass industry on modern lines in Bihar 
has, to date, been disappointing perhaps, as only one factory in 
Patna has come into existence. Yet this province is as well situat¬ 
ed for the supply of raw materials as any, indeed, more favourably 
so than perhaps any other province in India. Also, heavily indus¬ 
trialised as it is, an important market for glassware exists in the 
province itself. It can only be concluded that the very consider¬ 
able skill required in the manufacture of glass and glassware has 
been the obstacle preventing its previous expansion, coupled pre¬ 
sumably with the doubt whether manufacturing could be carried 
on in competition with imported articles. 

Raw materials. 

The principal constituents used in the manufacture of glass are 
silica (usually quartz in one of its various modes of occurrence), 
and soda (usually in the form of sodium carbonate known as soda 
ash, or sodium sulphate known as salt cake). The fusion of a 
mixture of these naaterials in the correct proportions yields a rather 
soft and easily fusible glass, which is clear if the materials were free 
from such metallic oxides as iron oxide. A harder glass is made 
by adding calcium in the form of lime or limestone. If borax is 
added a clear optical glass results. To correct the greenish tint 
which may arise irom the presence of iron oxide, manganese dioxide 
is used. Other decoloiisers used include nickel oxide and selenium 
which are not available from India, but axe imported. Colouring 
agents may be added where special coloured glasses are required, 
sudi as manganese, chromates, cobalt, nickel and selenium of which 
all but the first two have to be imported. 
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In addition to the raw materials for the actual glass itself a 
reasonably cheap fuel is required, for which purpose the Indian 
coals are quite suitable. Refractory materials for the construc¬ 
tion of the furnaces are also required, but these are readily available 
in Bihar. 


Silica. 

As silica is easily the main constituent in the glass batch it is 
obvious that the sand used must contain an absolute minimum of 
such impurities as are harmful to the resulting glass. Of these 
impurities the most serious is iron oxide and the amount of this 
present should not exceed 0-02 percent if a colourless glass is 
required; above this a decolorizer must be used, and above 1 per¬ 
cent the glass has a dark green colour. The presence of alkalies 
in the sand is not deleterious, as alkalies have to be added to the 
batch in any case. Also, within reasonable limits, the presence of 
alumina is permissible, particularly for those glasses in which a 
low coefficient of expansion, increased hardness, brilliancy and 
strength are required, but it tends to increase the viscosity of the 
glass melt, requiring a higher fusion temperature. Magnesia 
also increases the viscosity. Green bottle glass can be made from 
inferior sands rather high in iron. 

The sand grains should preferably average 0*4 mm. in diameter, 
and in any particular sand used there should not be extreme varia¬ 
tions of very coarse material with very fine. However, the tendency 
has been to exaggerate the importance of grain size: sieving can 
reduce the extremes to a minimum. A coarse sand will naturally 
increase the period of fusion of the batch. 

The determining requisite of a sand for glass-making purposes 
is, then, purity. Sands of the necessary composition are rare not 
only in Bihar, but also in India. 

River sands could be used where they are fine-grained and of 
sufficient purity, but even the best of them would be relatively 
high in iron and capable of producing only cheap glasses, such as 
green bottle glass. Along most of the Chota Nagpur rivers, e,g. 
the Son, Subarnarekha, Koel, Auranga, Damodat and Barakar, the 
sands would be too coarse and would require crushing, but occa¬ 
sionally in some of the wider stretches fine-grained and relatively 
pure sands are found. No depc^t of this nature could be counted 
upon as a permanent source of supply ficom year to year. 
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Analyses of some of these river sands were given by Wagle in 
1906 (1), Table 15. 


Table 15. —Analyses of some Bihar river sands. 


— 

1 

2 

CO 

4 


Percent. 

Percent. 

■ 

Percent. 

Percent. 

SiO. .... 

83*31 

85*19 

80*57 

82*07 

A1,0, .... 

7*45 

8*30 

10*25 

0-26 

Pe,()3 .... 

1*95 

1*82 

2*04 

1*61 

Un . . , . 

0*20 

0*15 

0*42 

0*50 

CaO .... 

2*95 

1*22 

1*57 

1*25 

MgO .... 

1*02 

0*37 

0*G6 

0*31 

Alkalies (b> diflerence) . 

2*37 

2*21 

4*71 

4*15 

H>0 . . . . 

0*73 

0*75 

0*22 

0*35 

Total 

100*00 

100*00 

100*00 

100*00 


1, Ganges sand at Rajmahal. 

2. Gang^^s sand at Colgong. 

S. Sand at the junction ot the Barakar and Bamodar rivers. 

4. Barakar river sand at Giridih, 

In the Rajmahal Mils near Mangal Hat (25° 04': 87° 51'), and 
at Tatarghatta Hill (25° 20': 87° 16'), white Gondwana sandstones 
belonging to the Damodar series have been found to yield a 
sand which, after crushing, washing and sieving, is suitable for the 
manufacture of glass of ordinary quality (2). The sandstone is 
being quarried close to the bank of the Ganges by the Rajmahal 
Quartz Sand and Haolin Co.; the stone is easily crushed and is 
then washed, the kaolin matrix and sand being recovered 
separately. There is little question that the supply feom here 
could bo readily increased. An analysis of the Patarghatta sand 
is given in Table 16. 


Ta ble 16. —Analysis of sand from 

SiO,.■ . 

AhO,. 

E8;,0, .... 

C*0. 

MgO. 

Alkalies and "waier 


Patarghatta, 

06*00 

M5 

. . tra(?o 

. > trace 

. . trace 

2-85 


Total 


100-00 


Certain sandstones ftom the Takhir series on the Bokaro coal¬ 
field have also been su^ested as suitable for glass purposes. 
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Some of the Vindhyan sandstones are a possible source of glass 
sands. The top stage of the Upper Kaimiir sandstone in the adja¬ 
cent Chakia district (Benares State), United Provinces, is a white 
quartzite low in iron oxides. Seven specimens collected from Chakia 
district by Mr. Auden, of the Geological Survey, were examined 
by Dr. A. Nadel, glass technologist to the Government of the United 
Provinces, and found to have an average of 0*056 percent ferric 
oxide. Six of these specimens averaged 0*038 percent ferric 
oxide. The same quartzites continue into Shahabad district and 
form the top of the Kaimux plateau. Auden also considers it 
probalde that part of the Lower Kaimur sandstone, along the Son 
valley west of Dehri-on-Son and south of latitude 24^ 50', is also 
a potential glass-sand rock. This sandstone, over quite a wide 
area, is white in colour and has been extensively desilicated, thus 
rendering it friable so that it is easily crushed. The rocli is 
even-grained, with a grain size averaging 0*1 min. Investigation of 
its suitabihty for glass-making appears to be eminently desirable. 
These rocks occur just above the Rohtas limestone. 

Distributed throughout the Archean sedimentary rocks in Gaya, 
Monghyr, Hazaribagh, Ranchi, Manbhum and >Singhblmm districts, 
there are many extensive occurrences of fairly pure quartzites. 
The possibilities of the use of any one of these quartzites for glass- 
making purposes depend entirely on crushing costs. In certain 
cases it is possible that higher costs involved in crushing such a 
rock may be compensated by cheaper fuel, lower freight charges or 
availability of an extensive local market. 

In addition to epartzites there are in certain parts of Bihar 
veins of quartz of very high purity. These could be definitely 
relied upon to provide quartz almost completely free from impurities. 
Here again, however, crushing and sieving charges will be heavy, 
but where a very high quality of glass is required it may be found 
possible to use such vein quartz. Large quartz veins occur in the 
Ringhbhum granite, and others occur in Ranchi, Manbhum, Hazari¬ 
bagh, Santal Parganas and Monghyr districts. Along the mica 
belt quartz from the mine workings is thrown on the dump heaps, 
and in some cases is quite pure. 

Soda, 

Most glass manufacturers in India use a mixture high in soda, 
as the resulting glass has a low melting point and is easy to work. 
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Soda carbonate, known as soda ask, has in the past been imported; 
it is available from the alkali works in Dhrangadhra State, 
Kathiawar. Both sodium carbonate and sodium sulphate are 
obtained as a surface efflorescence in North Bihar. 

Limestone. 

Limestone of good quality, suitable for the manufacture of 
glass, is obtainable within the province both from the Vindhyan 
limestones at Eohtas, and from the limestone deposits extendin)>» 
west from the Bokaro field into Palamau. 

Manganese. 

Excellent manganese deposits, with some chemical grade ore, 
have been worked in South Singhbhum. The supply of the highest 
quality ore has, however, become very limited from here, but will 
be available from Keonjhar State. 

Future. 

It is apparent that, in Bihar, the materials are available in 
abundance for the manufacture of the commoner varieties of glass 
and that it may even be possible to manufacture the better quahties 
providing the purer forms of quartz can be economically used. 
In the location of such an industry the choice of site, requiring the 
minimum transport costs on raw materials and finis^pd articles, 
is important. The establishment of the industry at three centres, 
Jamshedpur, Dhanbad, and Patna would appear to have promise 
of success- 

There is scope for considerable research on the raw materials 
and on the methods of manufacture of glass in the province. Much 
will depend on the actual encouragement of the Bihar people to 
make greater use of locally made glassware for a widening variety 
of purposes. As the industry expands it is to be hoped that there 
will be cooperation between the various firms, leading towards 
mutual improvement of methods and quality of product. 
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CHAPTER XIX. 

GOLD. 

General. 

As fer back as history and tradition goes, gold has been washed 
from the alluvium along the rivers and streams of southern Ghota 
Nagpur, mainly in Singhbhum and Manbhum, within the water¬ 
shed of the Subarnarekha (“golden streaked”) river. Even to¬ 
day after heavy rain the villagers close to certain streams average 
perhaps one to two annas per day by washing the river and stream 
at points which, by experience, they have found to be the 
most favourable. This work seems to be more firequently done 
by the women. 

Auriferous quartz veins were also worked centuries ago by the 
then inhabitants of southern Chota Nagpur. The remains of their 
underground workings may still be seen in the jungle, and the crush¬ 
ing and rubbing stones which they used to grind the ores are fre¬ 
quently found (13). For these implements, either a hard trap or a 
hard fine quartzite was used, and they are similar to the imple¬ 
ments used by the ancient copper workers. Possibly the same 
people mined the two metals. 

Gold was found in the Sonapet valley (22° 53': 85° 40') in the 
southeast comer of Ranchi district on the Smghbhum border in 
1888, and during the r^ulting boom in 1890-91, thirty-two com¬ 
panies were floated with an aggregate capital of nearly one million 
pounds, but it was not long before all of these companies went mto 
liquidation. The ruins of the mine buildings erected in the valley, 
and overgrown with jungle, still stand as monuments to misplaced 
optimism. The alluvial gravels and small quartz veins in this 
valley were too low in grade to sustain any highly capitalised 
company. 

In Singhbhum, at Pahardia (22° 30': 85° 12'), some gold- 
bearing veins were opened up in 1901 for a short time, but it appears 
that the work was abandoned before the deposits were properly 
developed. 

In 1916, gold was produced by the Dhalbhoom Gold and Minerals 
Prospecting Company, Ltd., at Kundarkocha (22° 28': 86° 16'), 
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in Dhalblium (12). The total capital invested was Es. 4,12,807, but 
raining ceased in 1919 after gold was produced to the value of 
Rs. 3,75,179-11-7, and dividends were paid in 1917 and 1918. The lease 
of this area was taken over by Mr. E. 0. Murray in 1924, who has 
worked one of the deposits intermittently since, as opportunity 
offers. 


Table 17 .—Prodnetiov of gold. 


Year. 

Bihar. 

India. 

Ounceb. 

Rupees. 

Ouiict b. 

Riiliees. 

vm . 

30 

1,500 

3h3,800-1 

2,06,01,208 

. 

30 

1,500 

:J3'),-252-3 

1,S6,S5,211 

vm . 

— 

— 

330,48S-8 

2,08,01,943 


50 

3,6j0 

320,CS1 7 

2,53,51,138 

1U33 . 

207 

19,738 

336,106 3 

2,76,10,071 

io;u 

114 

8,323 

322,142-9 

2,92,71,130 

um . 

33 

2,906 

327,652-5 

3,01,01,775 

1936 . 

82 

5,001 

333,3S5-6 

3,06,02,113 

1937 . 

20 

1,615 

330,'i43-9 

3,03,95,871 

1938 . 

16 

996 

321,137-8 

3,01,75,307 


In Manbhuin gold-bearing veins have been worked near Lawa 
(23° 01': 86° 06'), Ichagarh (23° 02': 85° 67') and Burudfli (23° 02': 
85° 51') near Parkidi station on the Bengal Nagpur Railway. The 
lease of the Lawa deposit is at present held by Lowa Gold Mines, 
Ltd., whilst the veins near Ichagarh were worked by the Golden 
Reef SGning Syndicate but have recently been taken over by 
another interest. 


Localities. 

The principal rivers along which gold has been washed are: 
the Garra nadi in Dhalhhiun, the South Koel in western Singhbhnm, 
the Sanjai river in the Porahat, the Sona nadi in northern Singh- 
bhuni and the Subamarekha river traversing Manbhum and Singh- 
bhuna. 

Aniiferona veins have been found in quite a number of localities. 
In Singhbhum at Pahardia (22° 30': 85° 12') in w^tern Singh- 
bbuiD, Sansal (22° 37': 85° 17') in the Porahat, the ran^ of hills 
between Manoharpnr station (22° 22': 86° 12') and Ankua (22° 18': 
85° 16'), Bhitar Dari (22° 42'; 86° 11'), Digatsai (22° 86': 86° 15') 
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and Knndarkocha (22^^ 28': 86° 15'). In ITanblmm the deposits 
of Tchagarh and Lawa have been akeadv mentioned. In Sonapet 
valley (22° 53': 85° 40'), EancM district, the alluvial gold was 
shed from quartz veins. 

The copper veins at JTandup and Rakha ilines carried a little 
gold, and some gold-washing is still done there, but from the Musha- 
bani lodes only a slight trace of gold can be detected in the copper 
ingots. 

Geology. 

A close acquaintance with the geology of southern Uhota Nagpur 
leads to the conclusion that the gold-bearing veins are not entirely 
haphazard in their occurrence. These veins appear to occur only 
within a certain stratigraphical zone of schists which directlw underlie^ 
the Dalma lava flows, and this zone of schists should be tlte principal 
guide to future prospecting. These schists occur on either side 
of the lavas which strike east and west across Siughbhum, Ranchi 
and Manbhum—stratigraphicallv these schists belong to wLat has 
been called the ‘ Iron-ore Stage 

At Pahardia (22° 30'; 85° 12') the gold is associated wdth thin 
veins of white quartz which penetrate an earlier blue pyritic quartz. 
Hatch obtained an average yield of 4 dwt. from 6 samples taken 
from several of the veins (6). 

At Sausal (22° 37': 85° 17') the gold occurs with argentiferous 
galena in a few thin irregukr stringers of quartz, penetrating chloritic 
pliyllite. According to Maclaren the best samples showed only 
2 dwt. of gold per ton and only one ton of quartz was in sight (8). 

At the Porojarna mine, Kundarkocha (22° 28': bO" 15'), the 
gold is associated with a dark bluish grey variety of quartz, often 
seamed with white quartz. The country-rocks are sericitic and 
graphitic phyllites partly replaced by chert. The schists have 
been folded into a steeply pitching monocline, widening in depth. 
Six veins have been formed within the monocline, the veins being 
parallel with the folding. The veins average 2 to 3 feet in width, 
but may vary to as much as 15 feet. Besides occurring in the 
quartz the gold is found also in the phyllites along the walls (11, 
pp. 134-136). The gold content averages, perhaps, 4 dwt. Other 
adjacent quartz veins have also been worked. 

At Lawa the quartz veins may be traced for J-mile in quartzite, 
quartz-schist and phyllite along the southern side of a low ridge. 
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Assayed samples vary from 2 dwt. up to one ounce, but the average 
is said to be less than 6 dwt. per ton. Copper is also present, and 
recently telluride has been recorded. Apparently the ore is complex 
and would require careful treatment. If the report is true that the 
gold is present as a telluride, roasting may be necessary before 
extraction. 

The Ichagarh occurrence has not been geologically investigated, 
but it is apparently a simple ore, the gold being readily susceptible 
tu extraction by amalgamation after crushing in stamp batteries. 

Future. 

The importance of the gold occurrences in southern Chota 
Nagpur should never be imduly stressed. It is clear that there 
are no gold deposits which would offer scope for the activities of 
any mining company with large capital. There is, however, still 
room for small prospectors and perhaps even small syndicates. 
Intelligent prospecting may bring to light new veins; such prospect¬ 
ing should be concentrated on the zone of schists underl 3 dng the 
lavas of the Iron-ore Scries. These schists occur as a belt on either 
side of the flows which strike west to east along the northern border 
of Singhbhum and the southern border of Ranchi and Manbhuni. 
There is also a belt of them striking northwest along the southern 
border of Dhalbhum from Kundarkocha (22° 28": 86° 15'). 

Similarly, the belt of schists extending from Hakegora (22° 42': 
86° 10') to Binburu (22° 40': 86° 12') and southeast of Digarsai 
(22° 35': 86° 15') deserves attention. In every case prospecting 
should be confined to the so-called blue quartz, and wherever this 
is absent it is useless to continue. But no certain prospects 
of valuable veins can be provided. 

Washing for alluvial gold is likely to continue as an intermittent 
occupation of the villagers in certain localities. There is little 
probability that alluvial deposits will be found such as would pay 
a company to sluice on modern methods. The values quoted by 
Maclaren of 1 to 2 grains of gold per cubic yard in the Sonapet 
valley would be payable tmder certain conditions of topography, 
r ai n fa P and depth of alluvium. But in the Sonapet valley the 
thin alluvium with rocky outcrops is not conducive to sluicing on 
a large scale with low costs, and any attempt to do so must be oou- 
demhed at once. 
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CHAPTER XX. 

!RON=ORE 

General. 

Bihar is the most important province for the production of icon- 
ore in India. Even before the introduction of the modern smelt¬ 
ing industry in India, indigenous icon-smelters were perhaps more 
flourishing in Bihar than in any other part of the country. Full 
accounts of the history of icon-smelting in India have been given 
firom time to time, the more recent accounts are by Fermor (2), 
Jones (6, pp. 225-229) and Dunn (8, pp. 184-186). 

Indigenous smelting, which was widespread in Chota Nagpur 
up to the close of last century and is even seen occasionally in the 
more inaccessible jungle tracts to-day, made use of several types 
of ore depending upon the locally available material—magnetite 
concentrates in river sands, laterite, ironstone concretions in 6ond- 
wana rocks, magnetite and hematite associated with the Archean 
rooks. 

Although modern iron-smelting in India was founded on such 
deposits as the ore in the Ironstone-shales of the Qondwanas, supple¬ 
mented by magnetite and hematite collected from small deposits 
in Manbhum and Dhalbhum, the rapid expansion since 1919 has 
been due to the opening up of vast hematite deposits in southern 
Singhbhum. 

The Tata Iron and Steel Company founded its industry on the 
iron-ore discovered in 1904 by Mr. P. N. Bose of the Geological 
Survey of India, at Gorumahisani in Mayurbhanj State. A site 
for the erection of smelters was chosen close to the junction of the 
Snbamarekha and Kharkai rivers, and this jungle-clad site has 
since developed into the extensive modem town of Jamshedpur, 
with a population of about 100,000 people. The first blast furnace 
came into operation in November 1911, and four additional blast 
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furnaces have since been erected. Other industrial concerns have 
also been established around Jamshedpur, such as the Tinplate 
Company, Agricultural Implement Company, Indra Singh and Sons, 
Ltd. (wire works), and the Indian Cable Company. These indus¬ 
tries centred around Jamshedpur have played a very important 
part in the industrial development of India during the last 20 years. 

In 1907, the late Mr. R. Saubolle, who was prospecting for Messrs* 
Martin & Company, managing agents for the Bengal Iron and Steel 
Company, lirought limonite and other iron-ore specimens from Notn 
Burn and Buda Burn in Saranda, Singbhmn, to Dr. (now Sir) 
L. L. Fermor, who was at that time curator of the Geological Survey. 
The importance of these high-grade specimens was realised, and the 
company obtained mining leases over these areas. In 1910 ore 
was despatched by the Bengal Iron and Steel Company from Pan- 
sira Buru (part of Notu Buru) to the smelters at Kulti in BengaL 
Further prospecting led to the discovery of great deposits of iron- 
ore in southern Singhbhum and in the States to the south, leases of 
which were taken up by the Tata Iron and Steel Company, the 
Bengal Iron and Steel Company, the Indian Iron and Steel 
Company, Bird and Company, and others. 

Although the Notu Burn and Buda Buru deposits had been 
opened up by a mineral narrow gauge line from Manoharpur on the 
main Bengal Nagpur Railway, the deposits to the south and south¬ 
east remained inaccessible. Accordingly, in 1919, the construc¬ 
tion of a branch line &om Amda (now Raj Kharsawan) was com¬ 
menced, the new line tapping such deposits as Noamundi, Gua and 
others south from Jamda. This line was completed by 1924. 
New projects are now under consideration to extend the line south¬ 
wards, into Keonjhar, to tap further rich deposits. 

The Tata Iron and Steel Company, until the cold weather of 
1926-27, had obtained their iron-ore from Mayurbhanj State, but 
since that year the Noamundi deposit in Singhbhum has provided 
a large part of their requirements. 
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The production of iron-ore from this area during recent years is 
given in Table 18. 


Table 18 .—Production of iron-ore. 


Year. 

Biitar. 


Tons. 

Rupees 

Tons. 

Rupees. 

1929 . 

(a)2,337,344 

61,91,309 

2,430,136 

64,98,292 

1930 . 

{fi)l,783,742 

46,29,600 

1,849,624 

48,72,527 

1931 . 

(a)l,599,386 

40,78,916 

1,624,881 

41,58,737 

1932 . 

{<1)1,744,247 

38,71,401 

1,760,500 

39,19,769 

1933 . 

(a)l,154,396 

22,11,875 

1,228,625 

24,97,914 

1934 . 

(a)810,547 

13,32,381 

1,916,918 

29,71,799 

1935 . 

(a)l,165,965 

18,09,413 

2,364,297 

35,50,327 

1936 . 

1,375,214 

22,22,580 

2,5f>3,247 

40,17,134 

1937 . 

1,587,362 

27,30,077 

2,870,832 

45,86,478 

1938 . 

1,421,090 

26,89,996 

2,743,675 

45,56,964 

1939 . 

1,543,934 

29,34,779 

3,166,074 

51,43,628 


(a) Includes production of Eastern States. 


Iron=ores of the Kolhan, South Singhbhum^ 

The Geological Survey of India, in 1919, commenced the map¬ 
ping of this great iron-ore tract and extended the survey to a very 
large part of southern Chota Nagpur. Several memoirs on the 
re^on have appeared, by Jones (6) and Dunn (3, 8), that by Jones 
being more especially concerned with the rich deposits of southern 
Singhbhum and Keonjhar. In addition, detailed accounts of the 
Noamundi mine have been written by Percival (5, 9). More recently 
Dunn has revisited the area between Noamundi and Qua leading 
to a revision of earlier views on the stratigraphy (10). 

The iron-ores of Singhbhum are associated with a group of rocks 
which were termed by Jones the Iron-ore Series. These rocks 
occupy steep sparsely inhabited forest-covered hills, the tops of 
which form the remains of an old peneplain at about 2,000 feet above 
sea level and were presumably at one time continuous with the 
Baxiehi plateau to the north. Higher ridges, consisting mainly of 
banded hematitc-quart 2 dte, rise to nearly 3,000 feet. 
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Tlie Iron-ore Series consists mainly of pliyUites, tuffs, lavas, 
banded hematite-quartzites, and cherts. The iron-ores are more 
particularly associated \rith the banded hematite-quartzites of which 
they represent enriched portions. The banded hematite-quartzites 
crop out as ridges arranged in the form of a narrow horseshoe with 
closed end to the south in Keonjhar and Bonai, and with sides 
about 8 miles apart open to the northeast in Singhbhum. Other 
subsidiary outcrops of banded heiaatitc-quartzite occur within the 
horseshoe and also to the west—it was one of the latter deposits at 
Pansira that was first discovered. The ridge forming the western 
side of this horseshoe is known as the Iron-ore Range, which is 
persistent for some 30 nules. 

The origin of the banded hematite-quartzites has been discuss¬ 
ed by Jones (6), Percival (5) and Dunn (3, 7, 8 and 10), but all are 
agreed that the bulk of the ore, particularly of the hard massive 
ore, has been formed by enrichment within banded hematite-quart¬ 
zite, enrichment within phyllites being less important. Irregular 
distribution of the ore is due almost entirely to irregularity in enrich¬ 
ment of the banded quartzites, and very rarely to faulting. 

In addition to the Iron-ore Series there is, in southern Singhbhum, 
a much younger group of rocks which Dunn has called the Kolhan 
Series. This consists of a basal sandstone-conglomerate overlain 
by limestones and shales. Locally, in the neighbourhood of the 
iron-ores within the Iron-ore Series, the Kolhan basal conglomerate 
is made up of material shed directly from the adjacent iron-ore, 
and this conglomerate is itself in places so rich as to be mined as 
iron-ore. An important deposit belonging to this later group of 
rocks is that at Jhiling Burn, south of Gua. 

Debris from the iron-ore deposits is strewn down the steep hill 
sides, and such debris is frequently so abimdant and so easily mined 
that it forms a very cheap source of ore indeed. Sometimes such 
ore has been consolidated at different levels, usually along valleys, 
and is known as Canga- 

Practically the whole of the ore is hematite, only a very little 
magnetite can be detected under the microscope although it is 
apparent that magnetite was formerly much more abundant in the 
ore but has been replaced by hematite. The ores formed by enrich¬ 
ment within the Iron-ore Series rocks have been divided into various 
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types: massive ore, soft or porous shaly ore, ^ blue dust slump- 
ore. Massive ore has been formed by complete local enrichment of 
the ferruginous rocks. Soft or porous shaly ore has been form¬ 
ed by desilication or leaching out of silica from the banded hematite- 
quartzite ; in some cases it represents an enriched ferruginous shale. 
Blue dust ’’ occurs where there has been almost complete 
removal of silica from banded hematite-quartzite without any 
cementation of the remaining hematite grains, which arc left as a 
loose powder. Slump-ore, or breccia-ore, represents either local 
patches of acute disturbance by folding or faulting, or sometimes 
the brecciation of iron-ore beds in consequence of slumping following 
removal of material in solution from below. 


Reserves and analyses. 

Within the Kolhan Estate, Jones has estimated that a mini¬ 
mum of 1,000 million tons of ore, averaging not less than 60 per¬ 
cent iron, crops out at the surface. If the adjacent Eastern States 
are included, the minimum estimate is about 3,000 million tons. 

The Kolhan iron-ores usually contain up to 64 percent iron, 
rising in exceptional samples to 68 or 69 percent, with phosphorus 
ranging from 0*03 to 0-08, rising in some cases to as high as 0-15 
percent. The sulphur content is usually below 0*03 percent. 
A very little titanium is occasionally present. The main features 
of the ore, then, are high iron content, low sulphur and titanium, 
and variable phosphorus content. Manganese in any quantity is 
present only in the lateritic ores. On the ‘uhole the ores are high 
in alumina relative to silica, but in occasional selected ores silica 
may be higher than alumina. 

An average analysis (on dry basis) of ore sent from Noamundi 
in 1937-38 was as follows:— 






Ordinal^ 

grade. 

Hard 

ore. 





Percent. 

Percent. 

Pe . 


. 


. 00-80 

65-51 

SiO, . 

- 

• 

* 

2-39 

0*76 

AI,0, . 

• 

. 


4-93 

1*20 
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A complete analysis of an averasje sample of Noamundi ore taken 
from a clay’s run is given in Table 19. 

Table 19 .—Complete avnlysh of Noanimtdi ore. 


SiO> . 





Percrnt. 

2*42 

Fed . 

. 






AKO 3 . . 





4*31 

TiO> . 





0*34 

Mnd . 





0*11 

McrO . 





0*17 

CaO . 





0*35 

ZnO . 





ml 

BbO . 





nil 

00 . 





0-43 

Total alkalies 





0*10 

Or.Os . 





nil 

ToO, . 





nil 

CuO . 





0*010 

WO 3 . 





0*004 

KiO . 





nil 

CoO . 





nil 

PjO, . . 





0-188 (P=0-082) 

so, . 





0*024 

Mfiz • 





nil 

Combined water 



, 


3*26 


other parts of Chota Nagpur. 

Small deposits of iron-ore of a similar nature to those in the 
Kolhan occur in other parts of southern Chota Nagpur, such as to 
the southwest of Saruda (22° 38': 86° 12') and in the hill range 
of Lnkud Buxu (22° 40': 85° 27') in the Porahat (3); north of Kudlun 
(22° 47'; 86° 23'), between Asanpani (22° 46': 86° 27') and Basa- 
dera (22° 40': 86° 30'), near Hakegora (22° 42': 86° 10') and east 
of Binburu (22° 40': 86° 12') (8), in eastern Singhbhum; near 
Asanpani (22° 46': 86° 27') and Tamakhum (22° 59': 86° 35') in 
Manbhum. 

The deposit at Hakegora was at one time worked bj the Bengal 
Iron and Steel Company, but all of the above deposits ate nowadays 
too sTTm>1] to be mined as iron-ores in competition with the enonnous 
deposits of southern Singhbhum. However, some of the Porahat 
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occujrences are of micaceous hematite, especially that on Lukud 
Burn, and it is possible that other special uses may be foimd for 
them in the future, such as for particular binds of paint. 

In addition to the hematite-ores, deposits of magnetite have 
been mined in Singhbhum : near Kudada (22° 42': 86° 12'), east of 
mile 6 on the Haludpukhur-Jamshedpur road, and near Pathar- 
ghara (22° 32': 86° 27') (8). The two former consisted of small 
veins or segregations in altered igneous rock and have been worked 
out. The deposits at Patharghara consist of magnetite associated 
with apatite, forming veins in granite-schist and other schists, and 
were worked at one time by the Bengal Iron and Steel Co., Ltd.; 
owing to the high phosphorus content this ore was useful for the 
smelting of foundry pig-iron. It is not at all improbable that the 
mining of these high phosphorus magnetites may be resumed in the 
future for the manufacture of high phosphorus pig-iron. In Man- 
bhum a deposit of magnetite has been recorded at Teludih (23° 34': 
86° 57') near Beharinath (1, p. 46). 

In Palamau outcrops of magnetite occur on Gore Pahar (23° 58': 
83° 58'), about 7 miles southwest of Daltonganj. The magnetite 
is associated with tremolite-schist, calciphyre (75 percent CaCOg, 
15 percent MgCOg, 5 percent SiOg etc.) and granite. The structure 
of the hill is synclinal, and Auden estimates that the reserves of 
magnetite are of the order of 300-400,000 tons. The content of 
metallic iron averages 65 percent in the richer ore, but is much less 
in those tremohte-schists which have been only partially replaced 
by magnetite. In view of the abundance of high-grade hematite 
ore in 8inghbhum it is imlikely that there will be any demand 
at present for this ore, unless for special purposes. A small 
deposit of coarse magnetite has also been recorded, by Dey, at 
Sua (24° 00': 84° 06'), 4 miles southeast of Daltonganj. 

Titaniferous iron-ore, usually an intimate mixture of ilmenite, 
magnetite and hematite, has been found in southern Dhalbhum. 
around Dublahera (22° 29': 86° 17') (8) and W. N. W. of Man- 
bazar (23° 03': 86° 43') in Manbhum (1, p. 47). The treatment 
of this ore presents difficulties and there is no inducement to mine 
the deposits. Owing to its vanadium content the Dublahera 
material may come into use some time in the distant future. 
The latter deposits are described in Chapter XXXIV. 

On the Raniganj, Jharia, Bokaxo, Eamgarh, Karanpura and 
Anranga coalfields, lentides and nodules of iron-ore, which were at 
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one tune used by indigenous smelters, are not now mined as a normal 
source of iron-ore in view of tbe rich and enormous deposits in 
southern Chota Nagpur. However, it is always possible that ores 
of this type, possessing special properties, may have a «mall demand 
from tune to time, e,g, a certain amount of soft limonitic ore is used 
as a desulphuriser in coking and gas plants. 

With this latter proviso it may be apposite, perhaps, to complete 
this note with the advice that iron-ore deposits of value are un¬ 
likely to be found in the future in this province outside of Singh- 
bhum. If any such deposit were found it would be economically 
attractive only if the ore possessed some special property either in 
smelting, or for some other purpose apart from its use for pig-iron. 

Mines in South Singhbhum. 

The two main companies now mining iron-ore in South Singli- 
bhum are Tata Iron and Steel Company and Indian Iron and Steel 
Company. 

Tata Iron and Steel Company .—^This company mines ore not 
only at Noamundi, in Singhbhum, but also in Mayurbhanj and 
Keonjhar States. The Noamundi ore-bodies occur in two parallel 
north-south ridges, each about two and a half miles long. These 
ridges are, for the most part, covered by jungle, and the surface 
is also usually deeply covered by laterite and float ore or ore debris. 
At least 300 milhon tons are available here. 

Percival divides the ore into several types:— 

1. Hard massive dense ore, usually of great purity. 

2. Soft crumbly or biscuity ” laminated ore, often somewhat 

high in silica content. 

3. Soft shaly ore, tending to become high in alumina. 

4. Powdery ore, or “ blue dust ”, so fine that 40 percent 

wiU pass through a 200 mesh sieve. 

The ore is mined and loaded into tubs mainly by contractors who 
pay their miners on a volume basis. Hard ore is filled by a 
separate staff, also under contractors, and drilling is paid on a foot¬ 
age basis. Blasting is carried out by the companys staff. Work¬ 
ing faces do not exceed a height of 30 feet for safety reasons. Pines, 
which cannot he sent to the smelter, are dumped away from the 
ore-body; they contain about 53 percent of iron and may, in the 
future, be sintered for smelting. 
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The number of coolies (men and women) employed varies widely, 
averaging perhaps 2,000-2,500, the maximum being 7,000 in any 
one year. In 1938 the average production per head for the con¬ 
tractor’s miners was 1-09 tons per day, and 1-38 tons per day for 
labour employed by the company. 

The ore is railed to the main crushing and loading plant; the 
total length of track on the mine is about 20 miles. The ore is 
crushed to S-inch maximum size through either a No. 25 A Telsmith 
gyratory crusher, 325 tons per hour capacity, or a No. 5 Symons 
cone crusher, 450 tons per hour capacity. These feed direct to 
the trucks on the broad-gauge Bengal Nagpur Eailway siding. Every 
wagon is sampled at the mine and the quartered samples from each 
train are sent with the train to Jamshedpur for analysis. The 
annual productions of ore at Noamundi mine since operations com¬ 
menced in 1926 are given in Table 20. 

Table 20 . —Productim from Noammdi mine. 


Year. 

1926 




Tons. 

156,425 

1927 




507,580 

192B 




415,761 

1920 




461,529 

1930 




391,508 

1931 




415,929 

1932 




528,370 

1933 




469,114 

1934 




. 499,163 

1935 




526,022 

1936 




586,430 

1937 




681,157 

1938 

. 



605,141 

1939 

. 



783,709 


Indian Iron and Steel Company .—This company’s mines include 
the deposits at Pansira Burn and Buda Burn, which originally were 
the property of the Bengal Iron Company, and also the deposits 
at Qua. 

The Pansira Burn deposit, situated 12 miles southeast from 
Manoharpur on the B. N. Railway, is now almost exhausted. The 
reserves formerly amounted to about 10 million tons. An aerial 
ropeway with a capacity of 40 tons per hour transported the ore 
from the MU top to a bin at the foot where it w^as loaded into wagons 
and hauled over the 2-foot 6-mch gauge railway to Manoharpur. 
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The Buda Bum deposit is situated 8 miles southeast of Manohar- 
pur. The reserves amount to at least 150 million tons and the ore 
is high-grade, averaging 64 percent iron. The ore is brought by- 
gravity incline down the hill to the foot, the capacity of the incline 
being 60 tons per hour. 

The Gua mines are served directly by a branch line of the B. N. 
Railway which terminates at Gua. The deposits here contain at 
least 100 milhoii tons of ore and are developed to a capacity of 
60,000 tons per month. The main deposits are on the hisch ridge 
to the west of Gua and the ore is brought from a bench part way 
up the hill to the bins along the railway at the MU foot by aerial 
ropeway, the capacity of which is 120 tons per hour. The ore 
from the ridge top is fed to the ropeway by self-acting inclines. 
Another deposit, on Jhiling Burn, occurs immediately to the south 
of Gua; the ore is lowered by inclines to the crusher level and 
loaded directly into the B. N”. Railway v\agons. Recent production of 
iron-ore from the Singhbhum mines of the Indian Iron and 
Company is given in Table 21. 


Table 21.— Iron-ore production of Indian Iron 

from Singkbliunf, 


Year. 


ami Steel 


Toiia. 


Co.y 


1936 . 7bS,7S4 

1937 ........ 901,124 

1938 .. . 778,793 

1939 . 715,6ol 


Iron and Steel Works at Jamshedpur, 

The ore from the iron-ore mines of Tata Iron and Steel Co. ib 
railed to the smelters at Jamshedpur, in Bihar, whilst that feom 
the mines of the Indian Iron and Steel Co., is taken to the smelters 
at Kulti and near Asansol in Bengal. 

Jamshedpur was chosen as the site for the steel works as it is 
alongside the main B. N. Railway, is mid-way between the iron* 
ore fields and coalfields and within easy railway reach of large lime¬ 
stone deposits, and is also dose to a plentiful supply of water. Since 
its inception, the town has become one of the greatest iron-smelting 
centres in the British Empire. 

Five blast furnaces are now in use, capable of producing over a 
million tons of pig-iron a year- About three-quarters of this is 
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used in the manufacture of steel, and is hauled in a molten state in 
60-ton ladles by locomotives to the open-hearth and Duplex steel¬ 
making plants. 

The open-hearth plant has a capacity of 1,000 tons per day, 
whilst the Duplex plant is capable of producing 2,000 tons per 
day. In the open-hearth process the charge consists of molten 
pig-iron and steel scrap from the rolling mills, and is heated by 
producer gas; impurities are removed by adding lime and iron-ore. 
The steel is cast into 5-ton ingots. In the Duplex process molten 
pig is charged into 25-ton acid-lined Bessemer convertors, and part 
of the impurities removed by blowing air through the molten metal. 
It is then transferred to 200-ton basic-lined tilting furnaces where 
it is further purified and adjusted to the necessary composition, 
then poured into a 130-ton ladle and cast into 5-ton ingots. 

The rolling mill plant consists of a 40-inch blooming mill in which 
the ingots are reduced to blooms and slabs of various dimensions; 
these are then roUed into billets, bars, sleeper plates, fiats, heavy 
structural sections, beams, channels, angles, tees and plates. Sheet 
mills produce up to 110,000 tons of galvanised and black sheets 
per annum, A pressed-steel sleeper plant can turn out 20,000 
tons of steel sleepers annually. 

All these mills are electrically driven. The power house capacity 
is 37,500 kilowatts, providing power not only for the plant but for 
the town service and for other factories such as the Tinplate Com¬ 
pany, and the Indian Cable Company. The boilers are fired by 
waste gases from the blast furnaces. In addition there is an exten¬ 
sive coking plant, with by-product recovery of tar, ammonia, and 
fuel gas, the ammonia being converted into sulphate by means of 
sulphuric acid made at the works from imported sulphur. 

Future. 

The growth of Indians iron and steel industry in the future will 
depend largely on India’s capacity to absorb the metal, as industry 
in general expands. There is little or no scope for export of iron 
and steel from India in great quantities, competition is keen and 
ne^bouring industrial countries, ^ Australia, Africa and Japan are 
equally capable of turning out*their own requirements, Japan, al¬ 
though she has a well-organised iron and steel industry, is deficient, 
however, in resources of high-grade iron-ore. India, in normal 
times, could supply large tonnage of iron-ore to Japan but the 
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profit of the trade in this raw material is extremely low, amount¬ 
ing to only a few annas per ton. The real value of iron-ore, to 
any country, is not in the money value of the ore itself, but in the 
ultimate value of the metal produced and the great industry to 
which it gives rise within the country. The iron and steel industry, 
in India, is in vigorous capable hands and may be safely left to 
develop and expand as opportunity presents itself. 
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CHAPTER XXI, 

KYANITE. 

General. 

In recent years the mineral kyanite, a silicate of alumina (Al^O^. 
SiOg), along with its chemically equivalent minerals, sillimanite and 
andalusite, has come into prominence because of its value for 
certain puiposes in the ceramic industries. 

On heating clay-ware in the manufacture of porcelain and fire¬ 
brick, the clay is largely converted into mullite, 3 Al 203 . 2 Si 02 . 
Tliis led to the opinion that a natural mineral high in AlgOg would 
be most useful in the manufacture of such ware, providing a more 
refractory product, and experiments were conducted on the use of 
sillimanite, Ig^anite and andalusite. It was found that, on heat¬ 
ing to 1545°C, these minerals also change to mullite plus a siliceous 
liquid. If additional AlgOg is present in the form of, say, corun¬ 
dum, up to the point at which the total composition of the mixture 
is 3 Al 202 . 2 Si 03 , theoretically the whole should form mullite which 
begins to melt at 1810'^C. 

In using these minerals for ceramic and refractory purposes 
it has been found necessary first to calcine the raw material in order 
to convert portion of it into mullite. During this conversion the 
minerals imdergo a change in volume, kyanite, particularly, expand¬ 
ing considerably on heating. This expansion, however, with its 
resulting shattering, considerably increases the ease with which 
the rock can be crushed before being manufactured into ceramic 
and refractory wares. 

Deposits of these alumina silicates are not abundant, and are 
restricted to only a few countries. In India, sillimanite occurs 
particularly in Assam, and kyanite in Singhbhum and the adjacent 
State, Eharsawan. The deposit of kyanite at Lapsa Buru in Khar- 
sawan is easily the largest known in the world. 

The kyanite deposits of Singhbhum and Kharsawan have been 
known since 1907 from specimens submitted by Mr. Srinivasa Eao 
to tibe Geological Survey of India. They were later visited by 
officers of the Geological Survey of India, but as massive kyanite 
was not of economic value at that time the discoveries were not 
made public* Subsequent to 1923, when the deposits were examined 
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by the wnter, there has been a gradual increase in their exploita¬ 
tion. The production from Singhbhum and Kharsawan during 
recent years is given in Table 22. 


Table 22 .—Production of hyanite. 


Year. 

Bihab. 

India. 

Tons. 

Riuptos. 

Tons. 

Rupees. 

1939 .... 

(a) 3,618 

24,077 

3,618 

24,077 

1930 .... 

(o) 8,641 

l,31,t>0^ 

8,641 

1,31,505 

19.U .... 

(a) 3,409 

48,928 

3,412 

48,928 

vryz .... 

(a) 5,580 

91,227 

5,580 

91,227 

1933 

(o) 4,266 

68,888 

4,283 

69,432 

1934 .... 

(a) 9,378 

1,42,610 

0,411 

1,43,113 

193) .... 

(a) 19,903 

3,24,055 

19,903 

3,24,055 

19,P) .... 

(a) 24,787 

3,53,178 

24,787 

3,53,178 

1937 

(a) 26,936 

6,40,092 

26,936 

6,49,092 

103S .... 

830 

19,818 

28,385 

6,80,169 

1139 .... 

766 

11,490 

9,916 

1,55,351 


(a) Includes production of Eastt rn States (Kharsawan and Saraikela). 


Composition. 

The theoretical composition of Icyanite is: silica 36*8 percent, 
aiamina 63-2 percent but variable amounts of other impurities, 
such as quartz, rutile, magnetite, mica, and corundum, are usually 
present in most deposits of massive kyanite, so that analyses usual- 
Iv vary somewhat from this. Four analyses of kyanite-rock are 
given in Table 23. 


Table 23. Analyses of kyanite^roc^ 


— 

Lapsa Buru. 

Ghagidih. 


Ptreont. 

Percent. 

Percent. 

Percent. 

iSiO .... 

35-4 

32-48 

36*0 

34*66 


61-4 

6505 

60-7 

60-84 

F ,0, .... 

trace 

1-57 

2-3 

0-07 

TiO. 

n.d 

0-52 

1*2 

M8 

CiO" 

31 

0-65 

0-8 

*. 

.... 

tt.d 

trace 

0*4 

.. 

Hj) .... 

n.d 

0*24 

0*9 

0*90 

Un i ttrtnm* d, including alkali 



-• 

2-35 

Total . 

99-9 

100*61 

102*3 

100*00 
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Samples quite frequeutly analyse up to 68 or 69 percent of 
AI 2 O 35 wliiclx invariably means tliat fine corundum is associa^'^d 
with the kyanifce. This, of course, is advantageous, increasing 
ratter the refractory character of the material. FcgOg is deleteri¬ 
ous and tends to decrease the melting point, preferably it should 
not exceed 1-5 percent. GaO tends to have a fluxing effect. 
Alkalies, present if mica is associated, very seriously affect the suit¬ 
ability of the kyanite for refractory purposes by lowering the melt¬ 
ing point. 

Uses. 

Kyanite has many uses in the ceramic industry, after it is con¬ 
verted into mullite by calcining. l^IuUite possesses the following 
properties vhich render it so valuable as a refractory; perfect 
stability up to its softening point, 1810^0; very low coef&cient of 
expansion; great mechanical strength at high temperatures; equal¬ 
ly suitable in both oxidising and reducing atmosplieres; neutral 
as a refractory, resisting the corrosive action of most non-metallic 
slags and the abrasion of furnace charges; high electrical resistance; 
moderate thermal conductivity. It is used in porcelain spark 
plugs, and as practically the only constituent of certain ceramic 
products. It imparts great toughness and strength to the wares, 
and electrical porcelains in which it is used have a remarkably low 
conductivity. It is finding an increasingly wider use in refractory 
bricks, particularly where furnace conditions are severe, such as 
in boiler furnaces, combustion chambers, pottery kilns and glass 
furnaces. The calcined product is also used for the manufacture 
of pots, retorts, crucibles, saggars and muffles, gas fires, electrical 
refractories, etc. The action of glass melts in glass-house tanks 
and in glass pots is perhaps one of the severest tests to which any 
refractory could be subjected, and refractory material made from 
kyanite has proved most suitable. In metallurgical practice its 
use is limited by the fact that ferrous and other metallic oxide slags 
readily fuse it, but it may be used in those furnace parts away from 
the melt where resistance to high temperature alone is required, 
such as in the roofs of electric steel melting furnaces. 

Localities. 

Kyanite has been found to occur along a belt some 80 miles in 
kngth, stretching east from the western side of Karaikela Estate 
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(part of Saraikela), througli part of noriliera Singhbhum, tlience 
through Kliarsawan and Saraikela States, and through Dhalblium, 
turning southeast as far as Shirbai diingri (22° 21'; 86° 40'). For 
the greater part of its length it follows the northern side of the 
Singhbhum copper belt. 

Within this belt, easily the most important deposit occurs at 
Lapsa Buru (22° 48': 85° 44'), Klharsawan State, and is therefore 
outside of the boundary of Bihar. Other small deposits not within 
Bihar are in Karaikela, and at Jhar Gobindpur (22° 48': 86° 05') 
in Saraikela. The principal deposits in Singhbhum are in the 
vicinity of Ghagidih (22° 45': 86° 11'), between Badia (22° 30': 
86° 28') and Bakra (22° 29'; 86° 29'), near Kanyaluka (22° 28': 
86° 31') and at Mohanpxir (22° 34': 86° 32'). Unfortunately the 
Kanyaluka material has rather a high iron content. The workable 
deposits in Singhbhum are being rapidly mined and will be com¬ 
pletely exhausted within a short time. 

The mineral has been found also at the following localities in 
Singhbhum: Rakha Mines east ridge (22° 38': 86° 22'), Shirbai, 
Singpura (22° 22': 86° 35'), ^ear Chirugora (22° 33': 86° 31'), 
northwest of Dobha (22° 32': 86° 31') and northwest of Bhakar 
(22° 23': 86° 36'), but massive kyanite-rocks suitable for mining 
have not been found at these places as yet. In addition, south 
and west of Daontanri (22° 30': 86° 09'), specimen segregations of 
both kyanite and andalusite have been found. 

In Manbhum, small deposits of kyanite-rock occur along a 
narrow belt 7 miles in length, extending from Ichadih (22° 04': 
86° 10') to Salbani (23° 04': 86° 17'), but owing to the high per- 
centage of mica present in the rock it is not suitable for refractory 
purposes. 


Mode of occurrence. 

All the Singhbhum occurrences of kyanite-rock are associated 
with kyanite-quartz-granulite and aluminous mica-schists. The 
kyanite occurs as segregations and veins in these rocks. Apart 
from a few deposits of massive kyanite in the schists near Lapsa 
Burn, and a small deposit at Ghagidih, most of the kyanite-T'^cfe is 
obtained as debris on the surface or in the soil. This kyanite 
debris, being extremely resistant to weathering, has been left behind 
subsequent to the weathering and removal of the enclosing softer 
schists and granulite. Usually such kyaoite debris has suffered 

n 2 
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Ettle or no lateral transportation but has been left almost immed¬ 
iately at the site of the original occurrence of the rocks. 

Other deposits may yet be found in the soil along the Singhbhum 
belt, but from the very nature of their occurrence huge deposits 
cannot be expected, and each can have only a relatively brief period 
of supply. The Lapsa Burn occurrence is, however, unique, not 
only in India but in any part of the world. In 1927 an estimate of 
the minimum amount present there down to a depth of 3 feet was 
200,000 tons, but it was expected to exceed this amount many 
times. It is now being mined at the rate of over 30,000 tons per 
year without any noticeable exhaustion. 

The kyanite-rock is massive, never cleaved, and is usually 
medium to coarse-grained. Hand specimens which appear to be 
quite fine-grained to the naked eye are found, under the micros¬ 
cope, to be of coarse crystals which are fuU of fine inclusions of 
corundum. Usually kyanite is almost the sole constituent of the 
rock. It is commonly of the radiating variety, and blades of crystals 
over 12 inches long may be sometimes seen in the large boulders. 
A very little rutile is usually present, and sometimes minute grains 
of magnetite. Tourmaline and topaz occur in places, and also pink 
dumortierite, the latter being particularly prevalent at Mohanpur. 
Neither topaz nor dumortierite appear to affect the refractory 
properties of the kyanite, as the fluorine and boron respectively 
are driven off in calcining^ and both minerals are then converted to 
mulhte. Occasionally the green mica, euphylhte, is seen, but this 
lowers the re&actory quality of the rock. 

Future. 

Although increased production from the kyanite deposit at 
Lapsa Bum, in Saraikela State, may be expected in the futqre, 
any increase from Singhbhum cannot be expected. The known 
useful deposits are either exhausted already or are approaching 
exhaustion. However, by carefully prospecting the soil in the 
vicinity of the beds of kyanite-quartz-granulite which occur in 
the mica schists, there is always the possibility of finding further 
deposits. In particular, the soil should be prospected on the 
opp<^te aide to the dip of the quartz-granulite. It is also not at 
all improbable that the belt may be found to extend further west 
from ite present known limit, in the Porahat, where the writer has 
seen specimens of kj^anite-inica-schists. 
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Practically the whole of the kyanite produced is exported. Only 
a very little has been made into refractory bricks in this country, 
by Messrs. Burn and Co. at their Raniganj works. The question 
may have to be considered whether the greater part of the produc¬ 
tion should not be manufactured into refractory bricks and ceramic 
ware m this country, and the finished articles exported. The means 
and skill are available m the country, the main points are the dffi* 
culties of transporting the manufactured goods, and whether over*^ 
seas markets will accept the Indian made finished article in preference 
to the raw material. 
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CHAPTER XXn. 

LEAD AND SILVER. 

General. 

Small deposits of lead-ore have been recorded from many scattered 
parts of Bihar from time to time. On various occasions from 
1850 until early this century several of these deposits were opened 
up by syndicates and companies, but none of these attempts were 
successful. For the most part the optimism of the prospectors 
was completely unwarranted from the smallness of the deposits, 
presumably in consequence of lack of experience of what is required 
of such deposits in order that they should be commercial proposi¬ 
tions. It is perhaps possible that in some cases the capital avail¬ 
able was too limited, but the author is of the opinion that failure 
was entirely due to the absence of any deposits of reasonable size. 

Perhaps the most serious attempt to open up a lead deposit in 
Bihar was made in 1904 and 1905 by Messrs. Mackinnon Mackenzie 
and Co. at Beldi (23"^ 03': 86° 18') in Manbhum. The deposit, 
however, was confined to the surface and did not continue in depth. 
The ore was railed to Howrah and smelted in a small furnace at 
Shahmar. The total yield came to 911 tons of lead, 4,716 ozs, 
of silver and 86 grains of gold, the sale of which just met the total 
expenses of mining, smelting, etc. 

Like most lead-ores in all parts of the world, the majority of 
the ores in Bihar contain a certain amount of silver. The lead- 
ores consist mostly of the sulphide, galena, with a little carbonate, 
cerussite. In addition, the zmc sulphide, sphalerite, is some¬ 
times present, and also copper pyrites. It is not clear whether 
the silver occurs as a distinct mineral, but it is probably shnply in 
solid solution in the galena. Many of the ores contain a little 
antimony. 

A full summary of the known information on this subject prior 
to 1891 may be found in the book by Kin g and Pope on ‘ Gold, 
copper and lead in Chota hTagpur A summary up to 1921 is 
given in Fermor’s ' Mineral resources of Bihar and Orissa’. 

Localities. 

The majority of the galena deposits of Bihar are grouped into 
two betts. One belt occmcs across North Singhbhum and South 
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Manbhiun in the southern part of the province. The other extends 
from Palamau district through Hazaribagh and South Monghyr 
districts into South Bhagalpur district and Santal Parganas, lying 
between the mica belt on the north and the Damuda valley coalfields 
to the south. 

In Singhbhum, galena has been found associated with the aurif¬ 
erous quartz veins of Pahardia (22^^ 30': 85° 12') and Sausal 

(22° 37': 86° 17'). Griesbach (10) recorded the discovery by F. 

Smith of an irregular galena vein, probably near Pahaidia, a speci¬ 
men of which assayed 79-3 percent lead, with 34 ozs. 2 dwts, 17 
grs. silver and 11 ozs. 2 dwts. 3 grs. gold per ton of lead. 

In Manbhum galena was first found at Janijhor near Dhadka 
(22° 48': 86° 30') by Ball (5) in 1870. He found that the ore 
occurred as small lenticular masses 5 or 6 inches long in quartz 
veins in the schists. An analysis of a specimen showed 79 percent 
of lead, and 119 ozs. 4 dwts. 16 grs. of silver per ton of lead, but, of 
course, analyses of picked specimens give no indication of the likely 
average value of a deposit. In 1904 and 1905, whilst working the 
deposit at Beldi, Messrs. Mackinnon Mackenzie and Co. prospected 
galena deposits at Janijhor, Kushbani, Lata, Lewshai, Panra, 

Ghagra, Hanna and Dakia, all within a radius of 6 miles of the 

deposit at Dhadka first found by Ball. All occur in noica-schists, 
but were superficial and no continuous lode was found. This 
area was visited by Dr. A. K. Dey in 1934-35, who was unable to 
find any evidence which could lead to any alteration of opinion on 
these deposits* A little galena has been detected in barytes speci¬ 
mens from Maltbol (23° 26': 86° 26')* 

Specimens of galena have been recorded from Sili (23° 21' • 
85° 50') in Ranchi district, whilst the mineral has also been found 
associated with the barytes at Silwai (23° 23': 85° 27'). A quartz 
vein containing a little galena was prospeci^ed some years ago at 
Kumbakera (22° 29': 84° 45'), but it is said thift only 3 niaunds of 
galena were obtained; according to Krishnan other veins are un¬ 
likely to be found (13). 

In Palamau, Ball (8) recorded the finding of weathered frag¬ 
ments of galena on the surface near Barikhap (23° 59': 84° 49'), 
but the source of the mineral has never been located. 

In Hazaribagh lead-ore was discovered at Hisatu (24° 00': 
85° 01') by Motte and Parquhar in 1777, and according to Hunter 
(7) was worked for antimony towards the end of that century. 
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The mine was rediscovered by Ouseley (3) in 1842, and specimens 
of the ore assayed 47*02 percent lead and 4*7 percent antimony with 
no trace of silver. No further investigation appears to have been 
made* 

A lead mine is indicated at Nyatand (24° 30': 85° 43') on Sher- 
wilFs map of Bengal (4), but no particulars appear to have been 
obtained. 

Galena was found associated with the copper-ore at Baragunda 
(24° 05': 86° 04'), and Mallet (6) recorded its association with dis¬ 
seminated copper in the Patru stream at Mahabank northeast of 
Golgo (24° 24'; 86° 22'). An unsuccessful attempt to mine the 
latter was made in 1880; the promoters absconded. 

Surface fragments of cerussite have been recorded by Mallet 
(6), from near Mehandadi and Baramasia (24° 20': 86° 16') and 
near Khasmi and Na^adih (24° 29': 86° 22'). Rolled masses 
containing galena have also been found in the river alluvium near 
Parasiya (24° 10'; 85° 48'), In none of these cases has any trace 
of the ore in situ been found* 

Sherwill mentioned the occurrence of a vein of argentiferous 
galena in the Kharagpur hills, but gave no precise locality. Similar¬ 
ly, although galena has been recorded in the Chakai hills the exact 
locality is unknown. 

In Bhagalpur, attempts were made to open up a galena deposit 
at Dudhijarna (24° 53'; 86° 45') in 1879 but there is no record of the 
result. A surface specimen was reported by Ball (8) to yield 71 
percent lead with 42 ozs. 3 dwt. of silver per ton of lead. Lead- 
ore was said to occur in the same neighbourhood at Gonora, Karda 
and Kajuria* At Gauripux or Phaga (24° 46': 86° 66') a shaft 
was sunk in 1878 to a depth of 30 feet on a vein of lead-ore. The 
average of three specimens showed 71*7 percent lead, and the silver 
content of one was as high as 103 ozs. 2| dwt. of silver per ton of 
lead. A specimen of galena from Kharikhar (24° 50': 86° 46') 
assayed 52 ozs. 8 dwt. 14 grs. of silver per ton of lead, but there is 
no other record of the occurrence. 

In Santal Parganas, lead-ore has been recorded j&rom Akasi 
or Panch Pahar (24° 38*. 8T 10'). McClelland (I) recorded that 
the lead-ore constitutes 2 percent of the rock mass, but Buchanan 
Hamilton described it as antimony sulphide. In any case the 
occmzence is valuefess firom the descriptions givem At Bhairokhi 
^24° 36' : 86° 36'), lead and silver have been leoozded as being 
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associated with the copper-ore which was at one time opened up 
by the Deoghar Mining Go. Large lumps of galena were also found 
on the surface about 150 yards S, S. W. of the copper mine, but on 
prospecting no further ore was found. A deposit of lead-ore is 
shown on SherwilFs map in the Sanka Hills (24° 17'; 87° 19'): 
the exact locality is unknown, but Ball (8) suggested that it was on 
Chandipahar silver hill ”) to the southwest of the main hills. 

Future. 

Notwithstanding the numerous localities mentioned in the exten¬ 
sive literature on the lead-silver occurrences of Bihar, the possibil¬ 
ities of starting a lead-smelting industry in this province appear to 
be nil. Although it is true that some of the occurrences have receiv¬ 
ed httle or no investigation, the type and history of the deposits 
recorded in the province have been such as to ofifer no hope of any 
of them proving to be successful mines from the modem point of 
view. 
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CHAPTER XXni. 

LIMESTONE. 

General. 

One of the most useful raw materials in any country is calcium 
carbonate, limestone. India is well endowed with resources of this 
material and Bihar is fairly well supplied. Indeed, the earliest 
reference to the quarrying of limestone in modern times in India, 
in 1847, is to the limestone of Lower Vindhyan age at Kolitasgarh 
in Shahabad district. Mallet, in 1869, described the quarrying and 
lime-burning industry there and the transport of the lime via the 
Son river and Ganges. Since those days, the industry has gradually 
increased, not only in Shahabad, but in other parts of the province 
Cement factories have been erected in Shahabad and Hazaribagh 
districts. With the expansion of industrial activity and the further 
development of engineering in the province, the limestone and cem¬ 
ent industry may be expected to continue to increase in import¬ 
ance. Some idea of the size of the industry is provided by the 
production figures given in Table 24* 


Table 21. —Prodvction of limestone ami hanJcar. 



Years. 


Bihah. 

IlSDIA. 


Tons. 

Rupees. 

Toub. 

Rupees. 

1929 . 



(rt)889,499 


3,352,442 

47,50,314 

1930 . 




iKifEttnllRifa 

3,297,476 

48.48,789 

1931 . 





2,887,612 

38,60,635 

1932 . 



(a) 629,745 

■WlfclEtiinfca 


27,78,560 

1933 . 



la) 705,698 

(0)14,46,855 

3,143,036 

40,29.842 

1934 . 




(0)17.87,204 

3,990,335 

47,67,959 

1936 , 



{a) 1,035,315 

(0)20,81,933 

3,483,418 

45,91,020 

1936 . 



(a) 329,926 

(o) 4,38,173 

3,451,833 

44,35,4 3 

1937 . 



U5,mi 


3,547,661 

43,98,239 

1933 . 



613,138 

8,44,147 

3,953,973 

50,70,305 

1939 . 

■ ' 



6,61,258 

3,915,345 

46,55,813 


(a}r lafohxdofi production of Onssa and Bastorn States. 
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Us^. 

The simplest use of limestone, including also marble, is as a 
building stone. However, in Bihar, little or no limestone is quarried 
at present for that purpose. Very large amounts of limestone are 
burnt annually for use by the building trade as lime for mortar and 
plaster. Much limestone is required as a flux in the iron and steel 
trade, but for this purpose the limestone generally used at Jamshed¬ 
pur is obtained from more accessible deposits outside of the province. 
A certain amount of lime is necessary in the manufacture of glass. 
Very pure lime is required in the chemical industries, particularly 
in the manufacture of bleaching powder. It is also necessary 
in the manufacture of calcium carbide and calcium cyanamide; 
the latter is an important nitrogeneous manure which would find 
a market if available in India. Perhaps the largest amount is now 
used however, in the manufacture of Portland cement^ w^hich is 
made by fusing limestone with suitable clays. Recently, the manu¬ 
facture in Bihar of civieni fondu or aluminous cement has also been 
projected, utilising local limestone and either bauxite or aluminous 
laterite. 

Compositioo. 

For use as building stone the composition of a limestone is im¬ 
material—^its durability, appearance, ease of worldng and price are 
the only considerations. 

Limestones which are burnt to form lime, for use in mortar and 
plaster, need not necessarily be particularly pure, in fact in some 
cases certain clay impurities may improve the qualities of the burnt 
product for use as mortar. A very impure form of calcium car¬ 
bonate is kankar, which occurs as a surface deposit in many parts 
of the province and is collected and burnt; the clay and otlier im¬ 
purities are frequently in such correct proportions that the resulting 
hydraulic lime has practically the properties of cement. 

For use in chemical industries a very pure limestone is essential. 
The presence of relatively chemical inert material like quartz is 
not particularly detrimental although its absence is preferred, but 
a high percentage of iron and alkalies is not permissible. The iron, 
if possible, shoyld be below 0-20 percent, and the combined im¬ 
purities less than 1-2 percent. 

For the glass industry a high degree of purity is also essentiaL 
Free quartz is unimportant as also are the alkalies, as they enter 
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into the composition of the glass in any case, but magnesia and 
particularly iron are undesirable. The alumina content also should 
be low. 

Limestones used in the iron and steel industry need not be low 
in magnesia and iron. Silica and alumina are the main impurities 
to be avoided for they add considerably to the slag formed in the 
smelter. At times, however, in smelting a high alumina iron-ore, 
say, a little silica in the limestone is permissible. 

In the manufacture of cement considerable amounts of silica 
and alumina, within reasonable limits, are permissible in the lime¬ 
stone, for they have to be added to the kiln charge in any case, in 
the form of clay. However, they must not be so excessive as to 
make it impossible to adjust the limestone-clay mixture to that 
necessary for the composition of the required cement. Magnesia 
is undesirable in the limestone and should not be greater than 2*0 
percent. Iron in the limestone should not normally exceed 2*0 
percent. Alkalies are driven off in the flue gases and, indeed, 
provide a source of potash in some countries. 

Distribution. 

Archean. 

White crystalline limestones have been quarried in a small 
way in the Archeans to the south of the Eaniganj coalfield, in 
Manbhum district. One deposit half-a-mile west of Hansapathar 
(23® 38': 86® 40') was reported to be 70 to 80 feet thick, only 3 to 4 
feet being of good quality. North of the village a 25-foot band 
occurs, and a third depa<?it, 160 feet thick, occurs to the north of Asta 
village. These limestones were used in a small way during the early 
days of smelting at Kulti. Their composition is given in Table 25. 

Table 26 .—Limestone from HanswpatJuir. 


Percent. Percent. 


CaCO, 

4 

. 83*43 

CJaCOa . 

• 

67*30 

MgCO, 

• 

0*78 

MgCO, . 

a * a 

0*67 

EeOOg 

» 

0*68 

FejO, 

a • « 

0*73 


. 

0-02 

Al*Oa e 

m % 9 

0*09 

losoluble imtter . 

16*18 

Insoluble matter 

31*31 


lOl-OS 100-00 
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In Manblmm there are a few deposits of crystalline limestones 
in the Iron-ore Series. They occur at Kukru (22^ 51': 23'), 

Kultanr (22° 59' : 86° 34'), Tamakhun (22° 59' : 86° 36'), northwest 
of Kumari (22° 58' : 86° 38'), Gobindpur (22° 58' : 86° 39'), Mir- 
gichanda (22° 58' : 86° 41') and southeast of Kantagora (22° 58': 
86° 42'). They are usually small, the largest being at Tamakhun 
and northwest of Kumari; the former is 600 feet in length and 40-50 
feet in width at the outcrop. 

Isolated patches of limestone occur over a belt extending east 
and west parallel with the coalfields between Ramgarh and Palamau. 
These are associated with schists included in the granite-gneiss. 
Usually they dip at a steep angle and appear to persist to some 
depth. They are quarried at the surface, but in consequence of 
the dip the overburden increases considerably with depth. For the 
most part these limestones are low in magnesia but many are 
rather high in silica. Some of the pure white rock from near 
Olhepat (23° 50' : 84° 44'), on the eastern edge of the Auranga 
coalfield, might be suitable for statuary marble. So far as is 
known the magnesia content seems to increase westward, and the 
outcrops west of the Koel river, such as at Ban Pahar in Semra 
mouza and near Sua (24° 00': 84° 05'), southwest of Daltonganj, 
are rather dolomitic and rather impure. Between Pandwa (24° 10': 
84° 04') and Majhauli (24° 10' : 8t° 08'), there are small bands 
of serpentine marble. Information about this belt of limestones is 
rather meagre although individual deposits are fully known to the 
lessees. They are now being worked at quite a number of places, 
and cement is being manufactured at Khalari. The Tata Iron and 
Steel Company are also quarrying limestone near Bakoria, about 
20 miles southeast of Daltonganj. 

The writer is indebted to Dr. Henry Day for the following informa¬ 
tion on the limestone areas being worked along the Damodar valley 
west of Ramgarh. 

Bwidu-Basaria (23° 40' : 85° 23'—85° 26') in Ramgarh Estate 
Hazaribagh district. The limestone zone strikes east-west with a 
width varying from 500 to 1,200 feet. It is well exposed over 
wide areas of undulating ground, largely under cultivation. Schiists 
are interbedded, but thick sub-zones of good limestone are available 
for development, which dip steeply to the north and are overlain 



168 


DUOTT : BIHAR MINERAL RESOURCES. 


by a considerable tbickness of a very impure limestone. The 
quality of the limestone (on the basis of insolubles) varies widely 
from sub-zone to sub-zone across Ihe strike, but the quality along 
the strike of each zone appears to be fairly constant. Large re¬ 
serves are available for the manufacture of lime and cement. At 
present the limestone is being developed in a minor w^ay for local 
lime manufacture by the Karanpura Development Co., Ltd. Dolerite 
dykes cut the limestone. 

Eurluta-Tieligara (23® 43'; 85® 21'- 86® 22') in Ramgarh Estate, 
Tlazaribagh district. The strike of this zone varies from east-west 
to northeast-southwest, and the dips are high to the north and north¬ 
west. Schists are interbedded betw^een tliick sub-zones of good 
limestone, and the main hmestone sub-zone is succeeded by a thick 
group of calcareous schists. The average qiiahty of the limestone 
is superior to that at Bundu, and there are large leserxes for the 
manufacture of cement and lime or for use as flux. The area has 
been prospected by Karanpura Development Co., Ltd,, and has not 
yet been developed. 

Jjapanga-BlnfT'kuvda’-K%irsa (23® 38'; 85® 2r--85® 23'), in Ram- 
garh Estate. The direction of strike is variable but the main 
trend is northwest-southeast, with high dips to the north-east. Lime¬ 
stone exposures are fairly widespread within the area, but appear 
to represent merely local bands and lenticles up to a few feet in 
thickness, within thick masses of schists. Occasionally thicker runs 
of limestone up to about 20 feet in width across the general strike are 
found. Some of the limestones ate of good quality, but most are 
poor. No great mass of limestone appears to be present and devel¬ 
opment is unlikely. 

Horn {HenmndoijtoliyBachra {ChargharwatoHyDiindn-Raj (23° 40': 
85° 03'—85° 07'), part in Ranchi and part in Hazaribagh 
district. Strike of the zone is east-west, and the width varies from 
800-1,200 feet. Dips are steeply ilorth. In the Hosir-Bachra 
section, at the east end of the zone, the limestone forms an east-west 
series of four Mils rising 100-160 feet. Calcareous schists are inters 
bedded, but the main mass is of good quality limestone suitable for 
cement manufacture. In the western or Dundu-Ray seel ion of the 
zone, beds of calcareous schists beconie much more numerous. 
Here it is being developed by the National Cement Mines and 
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Industries Ltd., with, three kilns for tlie manufacture of lime at 
Kay. Dolerite dykes cut the limestone. 

BalJianeJIoyar-Khalari (23° 38'—23° 40': 85° 00'—85° 01'), Ranchi 
district. This zone of limestone can be traced, with few 
breaks in exposure, from Babhane to Khalari on a general east-west 
strike, and forms a prominent ridge in the Khalari area. At the 
eastern, or Babhane end of the zone, schists are considerably inter* 
bedded with the limestone. Westward, the limestone becomes 
more massive and at the extreme western end, at Klialari, there are 
practically unbroken exposures of good quality limestones (suitable 
for cement manufacture) across the strike for a width of 500-800 feet. 
The limestone beds dip steeply to tlie north and are oveilain by a 
considerable thickness of highly calcareous schists along the general 
line of the E. I. Railway. The Khalari end of this limestone is 
being worked by the Dewarkhand Cement Co. (Associated Cement 
Co., Ltd.), and provides all the requirements of the cement works 
at Khalari. 

Olhepat-Dindag (23° 49': 84° 43'—84° 44'), Palamau district. 
A complex scries of highly calcareous gneisses and schists with impure 
granular crystalline limestones occur here. There is apparently 
no well-defined zone of good quality limestone. The outcrops 
occur in relatively flat areas of uncultivated and semi-cultivated 
ground. 

Small deposits of magnesian limestone are known to occur in 
the Iron-ore Series in Singhbhum. Most of these have been reorys- 
taUised and are too impure to be of use. A relatively unaltered 
magnesian limestone occurs at Putada Springs, north of Chaibasa 
(22° 33' : 85° 48'), an analysis of which is given on page 210. 
A limestone in fault breccia to the north of liota Pahar station 
(22° 37'; 85° 34') was quarried and calcined at one time, but is now 
abandoned. A dark bluish massive limestone occurs at Ghatkuri 
(22° 18' : 86° 24') and a more extensive bed, perhaps 300 feet 
thick, of magnesian limestone crops out across the Kaxo river, 
south of Patang (22° 23' : 85° 24'), It is high in cherty silica. 

In the Kolhan Series of Singhbhum, immediately overlying the 
basal sandstone, there is a zone of limestone an analysis of which is 
given in Table 26, 
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Table 26. — Analysis of Kolhan limestone. 



From 


Aveiage ot 


Batakuti. 


60 sampltb. 


Percent. 


Percent. 

SiO, . 

, 2M0 

Insoluble 

8 29 

A1,03 . . . 

8*51 

AhOa. 

0 88 

. 

0*39 

CaO , 

35*80 

CaO 

. 50 58 

MgO , 

0*72 

MgO 

0 53 

Na>0 . 

1*34 

Lofab on Ignition 

39 78 

K,6 . 

0-32 



MnO , 

0*84 


100 06 

Loss on Ignition . 

30*13 



Total 

. 100*15 




Outcrops of this rock extend south from Chaibasa to Jagannath- 
pur (22° 13': 85° 39'), a distance of about 30 miles. It is of variable 
thickness, thinning out completely in places, but perhaps it attains 
its greatest tiiickness, about 40 feet, near Eajanka (22° 26' : 85° 44') 
where it has been prospected by the Tata Iron and Steel Company. 
The material grades, with increase in impurities, to a j>hyllitic shale. 
Its structure is thin-bedded and flaggy, a structure which the Hos 
have found to be eminently suitable for its use as burial slabs. 

Vi:ndhyan. 

Perhaps the best limestones in Bihar are those of Vindhyan 
age in Shahabad district. These have been recently examined 
by Mr. J. B. Auden of the Geological Survey of India, who has 
supplied the following information concerning them. 

The Rohtas limestone forms the topmost stage of the Remri 
Series, which belongs to the Vindhyan System, It crops out along 
the left bank of the Son river in the lower slopes of the Kaimur 
scarp from. Rewa State through Mirzapur district into Shahabad dis¬ 
trict in Bihar. The length of the outcrop in Bihar, neglecting 
embayments in the scarp, is about 46 miles. 

The limestone occurs immediately below the Lower Kaimur sand¬ 
stone, the base of which forms a useful datum line in estimating 
thicknesses. The fuB sequence of the Rohtas limestone is not 
exposed in the area of Shahabad district visited by Auden, since 
aUnvimn covers up the underlying formations. In Mirzapur 
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district Auden, estimates tlie ma 2 dmiim tMckness to be about 700 feet. 
At Chunliattar (24° 3G' : 83° 52') in Biliar, the miiiimum thickness 
is about 500 feet. Northeast of Chunhattar, on account of the 
gentle northward clip of the Vinchiyan rocks, the liohtas 
limestone becomes progressively overlapped and drowned by allu- 
viun^, until it finally disappcais at Margohi (24° 52' : 84° 04') and 
only the overlying Kaimur rocks are exposed. The liohtas lime¬ 
stone also occurs in patches along the north side of the Kaimur 
scaip, one outcrop being at Duinarkhar (21° 18' : 83° 53'). 

The Rohtas stage consists of alternations of fairly pure limestone 
with more inipuie limestone, calcareous shale and shale. The 
hmesionc bands are tliicker towards the base of the stage, one bed 
betw'een Baulia (21° 36' : 83° 55') and Banjari (24° 41' : 83° 60') 
averaging as much as 30 feet. Higher up, the proportion of shale 
to limestone increases and the individual beds become thinner, 
being seldom over 3 feet. 

The limestone is extensively quarried for the marmfactuie of 
cement, quarries being common from Chunhattar in the west to 
Ramdliira-on-Son (24° 64' : 84° 02') in the east. It is also quarried 
at Duinarkhar. On account of the variable dips, and the distur¬ 
bance of true dips by surface creep, it is not easy to determine the 
depth range at which the best limestones for the manufacture of 
cement occur below the Lower Kaimur sandstone. Between Baulia 
and Banjari the best limestones are approximately between 250 and 
450 feet from the top of the Kohtas stage (and base of the Lower 
Kaimur sandstone). This horizon of good limestones is fully exposed 
between Chunhattar and Baulia, but gradually sinks below' the 
alluvium towards the nortli, and is not exposed north of lat. 24° 47' 
near Ramdhira-on-Son. The limestones tow'ards the top of the 
Rohtas stage are also used in the manufacture of cement, but they 
are thinner and more variable in composition. 

The limestone is termed ^fat* if possessing over 80 percent 
of calcium carbonate. The composition of the fat Rohtas limestones 
varies between the following approximate limits:— 


CaCO, . 
MgCO, . 

SlOa . 
K*0, . 


Percent. 

. 80 to 95 
. 2 to 3-5 
. 3 to 12 

. 1*5 to 3 
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The composition of a good fat limestone is as follows: 



Percent. 



GaCO^ 

89-0 



IMgCO, 

2-0 

« n. SlO . 

6 5 

vSiO. . 

Al^Oa . 

6-5 

!•> 


2T-=^-^ 

FcD, . 

09 



AUs^alies 

0-4 




100-0 



S. R. . 

3-1 




The silica percentage of limestones containing from 80 to 90 
percent calcium carbonate averages about 6-7, and of limestones 
containing 90 to 95 percent calcium carbonate about 4*5. The 
percentage of ferric oxide in limestones containing over 90 percent 
of calcium carbonate averages about 0-45. Out of a total of 595 
analyses of Eohtas limestone provided by the Sone Valley Portland 
Cement Co., there are 65 analyses (11 percent! in which the per¬ 
centage of ferric oxide is 0-40 or under, and 9 analyses (1-5 percent) 
in which the percentage of ferric oxide is below 0*40. In Auden’s 
opinion, it is likely that a few selected bands of limestone could be 
utilised in the manufacture of glass. 

In the region of Baulia and Banjari from 40 to 50 percent of 
the quarry sections consist of fat limestone, and the remainder is 
rejected by the cement firms. The weighted average of calcium 
carbonate percentage of the fat limestones in one quarry west of 
BauKa is 86. 

In the upper beds of the Rohtas stage the proportion of fat lime¬ 
stone diminishes to less than 30 i^ercent, the remainder consisting 
of more siliceous and ferruginous limestones and calcareous shales. 
Some of this impure material is quarried at Dumarkhar where it is 
termed ^ useful patra ’ and is mixed with the less common fat 
limestone. The difficulty of a satisfactory analytical control of 
these variable impure bands is evident. 

At the top of the Eohtas stage in the vicinity of Banjari is found 
a band of hard dolomitic limestone containing 16*5 per cent. MgO 
(35 percent MgC 03 ). 

Gohdwanas. 

Calcareous shales occur in the Talchirs near Daltonganj. It is 
possible that they could be used with good quality limestone 
for making cement, but they cannot be regarded as limestones. 

limestones occur within the lower Panchets near Baghmara 
(2S^ 39' : S6® 46'), northwest of Panchet Hill, and were at one time 
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extracted in small quarries. The thickness varies up to jS feet, 
the dips are E, 30°S. at 15°. Analyses are given in Table 27. 

Table 21.-Pancliet limestone at BagJi/uara, 


Peicent. Peicent. 

CaCOj. 63-40 45-05 

MgCOj.14-41 1153 

FeCOs. 4-15 3 64 

Fe.Oa. 0 62 0-28 

P,6. 012 0 07 

Insoluble. 19-28 39-l8 


Total . 101-98 99 83 

This limestone was apparently used as a flux during the early 
days of iron-smelting at Kulti. 

Future. 

Although quite a number of limestone deposits have been opened 
up in Bihar, it cannot be said that resources are enormous outside 
of the Vindhyan deposits of Shahabad district. The Hazaribagh- 
Palamau deposits are, individually, not of unlimited extent, but 
will provide a very considerable industry down to the depth at 
which they can be economically w'orked. Quite extensive develop¬ 
ments of the limestone industry may be expected both from Shahabad 
district and from the Damodar valley. Apart from the cement and 
lime-burning industries, the possibilities of manufacturing calcium 
carbide and calcimn cyanamide in Bihar are well worthy of investiga¬ 
tion. 
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CHAPTEE XXIV. 

MANGANESE. 

General. 

Although, manganese is one of the most important minerals 
produced in India, only a very small proportion comes from Bihar. 
The principal deposits in the province arc in Singhbhum, from where 
there has been an intermittent production since 190G. Compared 
with the Central Provinces deposits those in Singhbhum are small, 
and individually they are soon exhausted. The greatest output 
has been during the last 10 years, but the Singhbhum deposits are 
likely to decline in output although other deposits are being opened 
up to the south, in Keonjhar and Bonai States, It is possible, 
however, that further deposits may be found in the future, in the 
thickly jungle-clad area of the ICoIhan Estate, southwest Singhbhum. 
The annual production during recent years is given in Table 28. 


TabXjB 28 .—Production of munganese-orc. 



Bihab, 

India. 

Tons. 

Rupees. (6) 

Tons. 

Rupetb. (6) 

11)29. 

(a) 76,131 

13,57,160 

994,279 

2,10,51,802 

1930 . 

{a) 48,724 

7,63,641 

829,946 

1,62,03,186 

1931. 

[a) 47,603 

7,20,320 

537,844 

08,13,879 

1932 . 

(a) 47,180 

3,40,427 

212,604 

18,62,293 

1938 ..... 

(a) 70,975 

5,85,825 

218,807 

16,38,174 

1934 .! 

15,112 

2,51,237 

400,806 

51,63,592 

1935 . 

16,667 

3,02,003 

641,483 

1,02,22,779 

1936 ..... 

11,722 

2,31,912 

813,442 

1,49,54.812 

1937 . 

24,180 

10,29,101 

1,051,594 

4,29,53,068 

1938 . 

24,469 

9,86,387 

992,795 

4,00,51,488 

1939 * a . . . 

35,803 

8,33,587 

844,663 

1,83,65,038 


Exchange value taken as £1=13-4 Rupees, 
(a) Includes production of Eastern States. 
<6) Value f.o.b. at Indian Ports- 


Uses. 

There is a steady consumption of manganese-ore in India at the 
wcaris of the iron and steel compani®. Not only is it used in the 
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manufacture of ferromanganese but also it is added to the blast 
furnace in the manufacture of pig-iron and io the open-h earth furnace 
in the production of steel. As a rule, lower-grade ore is used in 
the blast furnace. Although the iron and steel works at Jamshed¬ 
pur and near Asansol originally obtained their ore from the Central 
Provinces, ores from Singhbhum and Eastern States are now being 
used. Ferromanganese is manufactured by Tata Iron and Steel Co.; 
for this purpose it is desirable to utilise high-grade ore low’ in phos¬ 
phorus. 

Manganese-ores are also used in chemical industries as oxidising 
agents. Here, the manganese content of the ore is often not so 
important as the available oxygen, which is usually expressed in 
terms of the percentage of manganese peroxide, MnO^. Impurities 
soluble in acid are deleterious, and, for the glass industry, the ore 
must be as free as possible from iron. Such ores usually contain 
over 80 percent MnOo. 

A particularly pure variety of chemical ore is used in the manu¬ 
facture of dry cells; it is not quite clear what is the best type of 
ore for this purpose, as within limits the amount of MnO^ in the 
ore does not appear to affect the suitability. Presumably the 
physical condition of the Mn 02 —that is, the mineral constituents 
in which it occurs—is the important factor. High-grade nunganese- 
ores whenever foimd should be tested for this purpose. 

Grading. 

Many iron-ores contain manganese, and indeed there is every 
gradation from iron-ores to manganese-ores. The following classi' 
fication is adopted for such ores— 

Manganese-ore- -35 percent Mn and over. 

Ferruginous manganese-ore—10 to 36 percent Mn. 

Manganiferous iron-ore—^5 to 10 percent Mn. 

Normally, in India, manganese-ore is graded as follows— 

First grade ore—over 48 percent Mn. 

Second grade ore—^between 45 and 48 percent Mn. 

Third grade ore—below 46 percent Mn. 

In Singhbhum, however, this graciing is not used; all ore below 
48 percent manganese is either sold as second grade, even down 
to 38 percent, or the ore is simply sold on its analysis. Chemical 
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ore, sold as “ peroxide ”, may reacli as high as 58>59 percent 
manganese. Some ores, down to 32 percent Mn, with as much as 
17 percent iron, are sold as manganese hon-ores to the iron and 
steel industry. 

Distribution. 

The earliest manganese-ores produced in Singhbhum were ob¬ 
tained in 1906 from a small area extending to 6 ndles south of Chai- 
basa, close to the following villages: Madkamhatu, Gitilpi, Kelendeh 
Tutugutu, Surjabasa and Bistampux. Since then other ores have 
been worked in the southern Kolhan, in the area between Noamundi 
and Gua. Deposits have also been recorded from Loda Burn 
(22^^ 28' : 85° 23'), and from Lanji (22° 49' : 85° 35') in northern 
Singhbhum. 

In 1927 the East India Manganese Company was floated with a 
capital of £110,000 to work supposed managanese deposits between 
Mixgitanr (22° 43' : 86° 29') and Basadcra (22° 40' : 86° 30') in north¬ 
eastern Singhbhum. But the mai^anese occurs only as scattered 
debris, no workable deposits exist and the company was soon in 
liquidation. Any farther attempt to w'ork manganese here is 
foredoomed to failure. Other occurrences are recorded also at 
Jhatijhama (22° 42' ; 86° 33'), Lahkaisini Pahar (22° 42' : 86° 34') 
and Hatibari (22° 36' : 86° 39'), but, like the Basadera occurrence, 
are of no economic importance. 

In Manbhum there has been some prospecting for ore near 
Paharpur (22° 58' : 86° 15') but the material is low grade; one 
analysis gave only 22-27 percent MnO, and the quantity available is 
small. 

In Monghyr occurrences of no economic value have been recorded 
from the Katnowa hills (one analysis gave 28-26 percent Mn), and 
Pandipahari hills, but the latter locality has not been traced. 

Mode of occurrence. 

The manganese deposits of Singhbhum occur both in the Iron-ore 
Series and in the Kolhan Series. 

The deposits close to Chaibasa occur in the basal part of the 
Kolhan Series, replacing both the basal sandstone and limestone. 
The ore occurs as thin lenticles parallel to the bedding of the rocks, 
or as latentio xoaterial at the surface; the latter is commonly high 
in koiL All the ores are concretionary and the manganese has 
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been segregated by solutions whicli obtained their manganese 
content probably from underlying mangauiferous rocks of the Iron- 
ore Series. They consist mainly of psilomelane and pyrolusite. 
Each of the analyses of ores from here, given in Table 29, represents 
the average of three analyses. 

Table 29 .—Analyses of manganese-ore near Chiibasa, 




Manganese- 

Manganifer¬ 



ore. 

ous latente. 



Percent. 

Percent. 

Mn 

. 

. 47*66 

11*84 

Fe 


2*90 

34*97 

SiO, , 

. 

4*63 

16*46 

P 

. 

0*34 

0*46 

Moisture 

. 

0*63 

1*17 


These ores near Chaibasa are practically rt'orked out. 

In the southern Kolhan and at Leda Burn, the ores occur in 
phyllites of the Iron-ore Series, but are in places associated ^rith 
cherts. They occur in two ways: either as thin lenticles in phyl- 
htes or irregular masses in chert by replacement; and as manganif- 
erous surface laterite. The occurrences are sometimes traced from 
the debris shed by them. The higher grade deposits are generally 
associated with chert. The largest deposits are probably of the 
surface lateritic type, which may be of quite high-grade ore. 
At one point near Gua, an outlier of basal Kolhan Series 
conglomerate contains a little manganese. Although most of the 
southern Singhbhum ores at present being worked are small others 
will probably be foimd from time to time. 

At Basadera etc,, in northeastern Singhbhum, and at Paharpur 
in Manbhum, the manganese aU occurs in Iron-ore Series phyllites 
which stratigraphically belong to the same zone as the phyllites in 
southern Singhbhum. 

The occurrence at Lanji in northern Singhbhum is of interest 
in that it is of a manganiferous laterite overlying lava, indicating 
that the lava is slightly manganiferous. 

Future* 

The manganese-mining industry in Bihar is unlikely to increase* 
indeed, the contrary must be expected. No workable deposits 
outside of Singhbhum have been discovered in the province, and 
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in the extensive tract of granitic rocks to the north, across central 
and northern Ohota Nagpur, it is scarcely to be expected that new 
deposits will be found. 

In Singhbhum, the deposits near Chaibasa are almost worked 
out. Further south in the Kolhan, the known small deposits are 
worked according to the market demand. In this dense jungle 
tract the discovery of other deposits is probable, but, from their very 
nature, none are likely to be of any size. It can never be an exten¬ 
sive industry. 

In order to make the most of what manganese there is available, 
any new deposits should be tested for their usefulness to the chemical 
industry or in the manufacture of dry colls. Ores used for these 
purposes will have a greater value than if merely shipped for expoit 
or to iron and steel smelters. It should be not at all impossible to 
manufacture dry cells in the province. 
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CHAPTER XXY. 

MICA. 

General. 

The mica industry in Bihar is of great importance not only to tlie 
province but also to the world. From the mica belt, which extemls 
for some 90 miles from the eastern side of Gaya district across Hazari- 
bagh, into Monghyr and Bhagalpur districts, and with a width of up 
to 20 miles, comes over 80 percent of the world’s supply of bettor 
quality sheet mica, and up to 80 percent of mica splittings used in the 
manufacture of micanitc. The electrical industry is dependent on 
mica supplies from Bihar. In Table 30 the recorded production of 
mica during recent years is given, with the annual values, for com¬ 
parison with the total value of mica produced in India. 


Table 30. — Production of mica. 


Years. 

Bihae. 

India. 

Cwts. 

Bupees. 

Cwts* 

Rupees, 

1929 . 

42,560 

20,77,784 

63,231 

26,59,759 

1930 ..... 

40,887 

19,92,204 

52,727 

26,68,980 

1931. 

31,720 

16,69,720 

38,963 

20,37,034 

1932 . 

24,097 

10,35,460 

32,713 

H,a%401 

1033 . 

32,674 

12,59,180 

41,075 

16,82,045 

1934 . 

45,979 

16,86,266 

55,706 

2(t.76,r>9U 

1935 . 

50,821 

21,38,731 

66,430 

25,65,314 

1930. 

71,738 

27,00,147 

99,143 

32,92,826 

1937 . 

85,978 

31,70,933 

133,640 

40,42,228 

1938 ..... 

84,235 

34,12,315 

100,144 

43.42,2(>7 

1939 . 

86,662 

38,67,280 

139,758 

51,80,934 


The greater part of Bihar’s production has been shipped, in the 
past, to the United Kingdom, United States, Japan, and Germany 
for use mainly in electrical industry. 

The mica industry has been in existence in Bihar for about 70 
years, and, particularly since 1919, has expanded enoimously. 
The recorded production in 1938, 84,236 cwts., is nearly two and a 
half times that of 1919, 84,230*2 cwts. Employing, as it does, a 
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total labour force of up to 150,000 people it is one of the largest and 
most valuable industries in tbe province. 

The literature dealing with the Bihar mica belt is fairly extensive, 
but the aspect of the industry has changed so rapidly in the last few 
years that previous accounts no longer give a reliable present-day 
picture of the state of the industry. This is particularly true of 
the mining technique now applied on the belt. 


Uses, 

Mica is the name applied to a group of complex alumina-silicates 
of potash, iron, magnesia, etc. The mica mined in Bihar is the 
potash mica known a 5 muscovite. Its most striking property 
is the ease with which it can be split along the cleavage planes into 
extremely thip. films. It is also transparent and colourless in thin 
sheets, resilient and tough, chemically very stable, resistant to high 
temperature and a nonconductor of heat and electricity. 

Its remarkable insulating properties make mica invaluable to 
the electric industry. It is used for commutator insulation, armature 
insulation, transformers, electric heaters, rheostats, condensers, 
radio tubes, fuse boxes, lamp sockets, sparking plugs, and as washers, 
etc. Small thin films or splittings cemented together are built up 
into sheets and sold as micanite. The larger sizes of mica are also used 
for stove and furnace windows, gas lamp chimneys and shades, etc. 

Ground mica, made from waste, is used in the manufature of 
patent roofing, wall paper, automobile tyres, moulded insulators, 
as a filler in rubber goods, etc., and for fancy paints and lubrication. 


Marketing. 

The mica mined in Bihar is of various colours, green, brown 
white, silver and ruby. The most valuable is that known as “ ruby 
micato which class most of the production in the Bihar mica belt 
belongs. Sheets of this mica, even about J-inch in thickness, have a 
beautiful ruby colour, the depth of which increases with thickness. 

After the crude mica from the mines has been cut and flaws 
removed, it is known as “ block mica ”, the thickness of which may 
vary down to -008 inch. The percentage of block mica produced 
from crude mica is probably between 20 and 25 percent for the belt 
m a whoie. 
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Block mica is sorted according to size and quality. Defects 
consist of cracks, stains, interlaminar and other inclusions, air inclu¬ 
sions and warping. Sometimes such defects can he eliminated by further 
splitting and cutting, thus improving the quality of the final block, 
but there is obviously an economic limit beyond which it is inadvis¬ 
able for this to be done. For use in condenser plates, the mica 
must be very level, free from warping, stains, etc. 

The various qualities are described as follows: 


Superfine. 

Clear. 

Slightly stained. 
Fair stained. 
Good stained. 


Stained. 

Hea'V’y stained. 
Badly stained. 
Densely stained. 
Black spotted. 


These qualities are, unfortunately, not standardised. Different 
sorters and firms have their own interpretation of individual quality 
and, in addition, selling competition gives rise to variation. With 
a view to removing these difficulties the Geological Servey of India has 
new made available curefully prepared standards at Rs. 50 per set. On 
the whole, however, there is an approximately consistent local 
standard which might be referred to as the ‘‘ bazar market standard"'. 

If, on this bazar market standard, fair stained and better mica 
is regarded as high quality ”, the rest being regarded as low- 
quality ”, then the proportion of high to low quality mica produced 
in the Bihar mica belt is approximately 1 to 10, 

The following grading according to sizes is used: 


Over Ex. Ex. Special 

« • 



100 and over square inches 

Ex. Ex. Special 

# * 



80-100 

9 » 

»» 

Extra Special 




. 64-80 

» 


Special 




. 48-04 

9> 

»» 

A-1 




36-48 


»> 

No. 1 




. 24-36 

>» 

*9 





15-24 



„ 3 




10-15 



„ 4 . 




6-10 

»» 

S9 

„ 5 . 




3-6 



.. 5* . 




. 2i-3 


» 

» 6 . 




I-2J 

*1 


7 

- 



. Below 1 

»» 

Jf 


Of these sizes, perhaps 15-17 percent, of the production of dressed 
mica is represented by sizes No. 4 and up, the remainder is of 
the smaller sizes. 
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The greater part of all sizes of high quality mica is exported as 
block mica. Of the low quality mica the greater part of all sizes 
No. 4 and up is exported as block mica, but sizes Nos. 5 and down are 
almost entirely split into extremely thin films which are known as 
“ splittings ’’ (approximately -001 inch in thickness). However, a cer¬ 
tain fraction of these small sizes, depending on the market require¬ 
ment, is exported as block. From the high quality block mica a 
steadily increasing amount is being made into condenser splittings 
in India. 

At a very rough estimate the following are the approximate per¬ 
centages of the dressed mica produced in Bihar from mines which 
keep records: 

Pcrcont. 


High quality block mica, all sizes.9 

Low quality block mica, No. 4 and up .... 14 

Low quality block mica. No. 5 and down . , , G 

Splittings (derived from No. 5 and down) ... 71 

Total . 100 


It must be understood that for any one year these percentages will 
vary either way. In addition there is a considerable amount of un- 
re orded mica exported, and also many of the old dumps have 
been turned over in recent years for mica from which splittings are 
made. The reported mica is divided into approximately 80 percent 
splittings and 20 percent block- 

The prices obtained depend on quality and size, and for each 
grade the price will vary widely from time to time according to the 
demand. For extra special sizes, superfine, prices as high as Es. 100 
per lb. are obtained, but the total quantity of such mica produced 
per year amounts to only a few maunds. Small sizes, stained, 
may sell at less than Be. 1 per lb. The industry depends for its 
stability rather on the large production of low quality mica of aU 
sizes. For block mica ihe average price per cwt. has varied 
from Es. 171 to Es. 233 between 1934 and 1938. For splittings 
the average price has varied from Es. 47 to Es. 89 in the same 
period. For all mica, block and splittings, the average price 
per cwt. has varied from Es. 74 to Es. 1^ between 1934 and 
1938. 

Several of the bigger producers of mica in Bihar are also dealers, 
purchasiug from lie smaller producers in the local market. The 
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bigger shippers have their own agents in London and New York, 
where stocks are kept. Although a large proportion of shipments 
is against direct orders from producer to consumer, a consider¬ 
able amount of business is done through brokers. 

Distribution. 

xllthough the whole of the production of mica in Bihar dow comes 
from the Bihar mica belt, extending from Gaya district on the west 
across Hazaribagh and Blonghyr districts into Bhagalpur district 
on the east, mica has also been obtained in the past from other 
areas. 

To the south of the belt, a small mica-bearing area has been 
recorded near Dhcngura (23° 57' : 85° 20'), 1 miles southwest of 
Hazaribagh. 

In Singhbhum, a pale green mica has been prospected at Pura- 
nadihi (22° 20' ; 86° 39'), Benagaria (22° 19' : 86° 38') and Laubera 
(22° 32' : 86° 41'). 

In Manbhum, the mineral has been worked recently at Chitra 
(23° 32' : 86° 26'), Kanki (23° 35' ; 86° 29') and Sonkupi (23° 08': 

86° 04'). It has also been recorded at Gliatbera (23° 11' : 86° 13'), 

Marlong (23° 27' : 86° 01'), Taherbera (23° 28' : 86° 02'), Jabar 
(23° 27' : 86° 01'), Maramo (23° 28' : 86° 02'), Simni (23° 27' : 86° 00'), 
Bhursa (23° 09' : 86° 40'), Eangadih (23° 01' : 85° 63'), Churku 
(22° 49' : 86° 36'), Jhairbaid (22° 50' : 86° 36'). Jashpur (22° 48': 

86° 36') and between Urma (23° 43' : 86° 42') and Chirudih (23° 43' ; 

86° 37'). 

In Palamau it has been recorded from near Daltonganj (24° 02' : 
84° 04'), LesUganj (24° 02' : 84° 12'), Kini (24° 04'; 84° 01'), and 
Khorhi (24° 02' : 84° 00'). Mica has also been recorded from 
Sikriadanr (22° 41' : 84° 29') near Simdega, Ranchi district. 

The mica, throughout, occurs in pegmatite within schists close to 
granite, but in all of the above places ontside of the mica belt it is 
either small in size or badly stained. 

Within the mica belt, the greatest production has come from 
the Kodarma Reserved Forest, north of Kodarma. perhaps one-third 
of the total production from Bihar, but an increasingly large 
amount is now being obtained elsewhere, particularly from 
northeast of the Reserved Forest, from further east near 
Gawan, and from northeast of Parsafaad station. The western 
end of the belt, west of the Reserved Forest, in Gaya district, has 
been gradually decreasing in activity. During recent years production 
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from the Keserved Forest has been 2 to 2J cwts. of dressed mica per 
acre of the area leased. In more normal times it would be a httle 
below 2 cwts. Apart from the Eeserved Forest, the whole of the 
remainder of the mica belt is held by zamindars who either mine mica 
themselves or have leased or sold outright the mineral rights to the 
miners. On the whole, deposits outside of the Kodarma Eeserved 
Forest are more widely scattered than those within the Forest area, 
and the quality of the mica is not so good. 

The notes which follow relate entirely to the mica belt. 

Mode of occurrence. 

A detailed survey of the Bihar mica belt is now being made; 
hitherto no detailed geological map of the belt has been available. 

The mica occurs as a constituent of veins and masses of pegma¬ 
tite which penetrate mica-schists. The veins commonly strike and 
dip parallel with the cleavage of the enclosing schists. These 
pegmatites consist normally of plagioclase felspar and quartz, but also 
in places contain orthoclase felspar and such minerals as tourmaline, 
garnet, apatite and very rarely beryl. The mica occurs as books 
within the pegmatite; these books may vary up to as much as 3 feet 
or more across, but the average is perhaps 6-12 inches. The thick¬ 
ness of the books may also vary up to 2 or more feet, but the average 
is probably less than 3 or 4 inches. 

The mica occurs more commonly towards the sides of the veins, 
rather than in the centre; sometimes it is found in the schists immed¬ 
iately adjacent to the veins, or in inclusions of schists within the 
veins. 

On a very broad approximation for veins which produce mica, 
1 maund of crude 3nica is obtained from 8 cubic feet of vein material 
excavated. Of cut block mica, this represents about 1-1*6 per¬ 
cent of vein material. 

The veins vary in thickness from a fraction of an inch to over 
100 feet. The thicker veins almost invariably have a core of quartz, 
the felspar and mica being arranged on either side of this core. 
Occasional veins are entirely of felspar with some mica, in others 
the mica occurs in a simple quartz vein carrying no felspar. 

The mica zone in any vein does not as a rule exceed 3 feet in 
thickness. These zones occur in “ shoots of variable length 
along the vein, and pitch either steeply or vertically downwards 
in Ihe plana of the vein. 
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Tlie pegmatites may carry payable mica for any distance alon<» 
the strike up to perhaps 1,000 feet. The great majority of the 
veins are short, not even 100 feet in length. Some of them are almost 
pipe-shaped, but may extend down to several hundred feet. Us¬ 
ually a vein still continues in strike and depth even though it has 
become unpayable. 

So far as the recent survey of the mica belt has gone it has become 
clear that payable mica-bearing pegmatites never occur within 
granite, but only within mica-schists which appear, however, to be 
rather variable in composition and are in places gneissic. 

The question has sometimes been asked, to what depth will 
the mica pegmatites be found? Individual veins are obviously 
lenticular, and just as they thin out along the strike, so also they 
thin out in depth. Veins have been worked to a depth of 500 feet. 
But because any individual vein may thin out at this depth, there 
is no reason why adjacent veins, wHch may not have reached the 
surface, should not continue to a much greater depth. These mica 
pegmatites bear no relation to the present land surface, but were 
formed at a high temperature below a great thickness of the earth’s 
crust which has been since removed, and were formed within a 
considerable depth range of the crust. The present vertical range 
over which they are bmown to occur is between the level of the 
plateau at Kodarma, 1,250 feet, and the lowest depth of one of the 
mines along the rivers debouching on to the Gangetic plains—a 
total range of at least 1,000 feet. 

Mining, 

Probably 25 percent of the mica of the Bihar belt is produced 
from surface workings, known as “ uparchalla ” workings. The 
remainder is produced from mines extending to variable depths, 
down to 500 feet from the surface. In recent years, some 150-200 
underground mines have been working under the Mines Act. 

Until about 1918 most of the mica was produced from upar¬ 
challa or quite shallow mines, which were rarely worked system¬ 
atically. Many of the mines were open cuts, others were little 
better than rabbit warrens, tortuous holes and tunnels which 
followed the mica feom book to book. Machinery was rarely used, 
and a mine was abandoned when it became impossible to deal by baling 
with the water which entered the mine. 
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Gradually, however, the technique of mining on the belt has 
improved, and most of the larger firms are now working in a sys- 
tcmatic and sound manner. All of the larger mines have become 
mechanised, costs have been reduced, and mines are being constantly 
reopened which had been long abandoned. There is, however, still 
room for improvement on the pari of some of the smaller mine owners. 

The normal method of working is for the vein to be opened up 
or developed ’’ to its limits in depth and strike by shafts, drives 
and winzes. The vein is in this way blocked out, leaving consider¬ 
able reserves in the blocks between drives and winzes. The size 
of the blocks depends on the distance between drives, in some cases 
this is only 10 feet, but in better-class mining it is 30 and even 50 
feet. After the vein has been thoroughly explored to its limits, 
the reserves are removed by stoping until the mine is completely 
worked out. In some mines a certain amount of stoping is earned 
out whilst development is in progress. 

Future. 

Mica mining in Bihar has a lengthy future ahead of it, so long 
as no return is permitted to the old wasteful methods of mining. 
Invaluable records of abandoned mines have been lost, or unsystem¬ 
atic upaichalla work has obscured the evidence of the existence of 
many veins. But from a survey of the belt it is evident that there 
are immense reserves still to be opened up. 

So long as indiscriminate uparchalla or shallow surface work 
is permitted, or is possible, mica mining can be undertaken with 
little or no capital. Because of the harm that it does in obliterating 
surface evidence it would be advisable to stop all uparchalla mining 
of an indiscriminate nature in which no records arc kept. 

Mica mining is now being undertaken at progressively greater 
depths, and this requires an increasing amount of capital. The 
time has come in Bihar for it to be clearly understood that it is an 
industry for larger concerns with capital and not for the small man 
ox individual villager. Unless this is appreciated, and wasteful 
surface methods stopped, the life of the mica belt could be very 
easily curtailed at an early date. But worked soundly, by companies 
with plenty of capital and staffed by trained technicians, and with 
(xovemment administration favourably disposed towards conserva¬ 
tion of its mineral resources, the life of the belt will be indefinitely 
prolonged. 
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At present, mining is in progress on such veins as crop out at the 
surface. New mines opened up to-day are usually on old shallow 
workings which had been abandoned at water level or for other 
reasons. There are still many of these to be reopened. Underground 
exploration from one vein sometimes leads to another thus indefi¬ 
nitely prolonging the life of a mine. Until recently, no geological 
mapping underground had been done, but this would be of inestim¬ 
able value in determining the extensions of veins. There has been 
no sign of any exhaustion of the belt as yet, indeed production has 
progressively increased and there is every indication that it will 
continue to increase. Eventually, in the somewhat distant future, 
it will become necessary to explore at depth for veins which do not 
crop out at the surface, but geology will undoubtedly find a means of 
tackling that problem. At present there is little or no difficulty in 
locating pegmatite veins, but only a small proportion of these con¬ 
tain payable mica. When the geological survey has resulted in a 
more thorough knowledge of the mica belt, after some years, it 
may be pos:jible to guide mining in the location of mica-bearing 
pegmatites at depth. Ultimately, perhaps, some improved form 
of geophysical prospecting may be utilised, but the author would 
not recommend any of the existing methods, particularly until the 
geology is more thoroughly understood. 

Perhaps the basis of the Bihar mica trade to-day is the ability 
to produce splittings cheaply. No doubt production could be in¬ 
creased in other countries if the mica could be split efficiently and 
cheaply, permitting those countries to compete with India. This 
must be always remembered, and, although there is scope for a 
greater income ft cm the mica trade both to Government and to 
the mica labour, the industry should never be so tmduly burdened 
as to inhibit its ability to hold its premier position in the world’s 
mica trade. 

In recent years the greatest impetus given to mica mining in 
Bihar was the introduction of the Bihar and Oris-a Mica Act of 
1932. Mica thieving had been so rife that, in 1927, the Government 
of Bihar and Orissa, in consultation with the Director of the Geologi¬ 
cal Survey of India and the Chief Inspector of Mines, framed certain 
rules which aimed at restricting illicit trade in mica. These measures, 
on being placed before the provincial Legislative Assembly 
were rejected, but, after subsequent amendment, became law in 
1932, This reduced illicit dealing to a negligible amount and 
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bond fide miners and dealers were able to obtain the full benefit of 
their operations. In February 1939, however, the Mica Act was 
repealed, and immediately hundreds of small dealers sprang up 
throughout the belt. There was no control of the movement of 
mica, and mica thieving again became rife. A year later the Mica 
Control Order was instituted to take the place of the repealed Mica 
Act. It is to be hoped that some control of this nature will remain 
permanently as otherwise illicit practices may recommence and 
eventually cause a serious curtailment of mining operations on the 
part of sounder companies, from which the trade may find it very 
difficult to recover. 

It must always be remembered that the world’s electrical indus¬ 
try in its present form, is dependent on mica from Bihar. The 
province should regard itself as the world’s trustee for this mineral 
and conserve it with the greatest care. 
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CHAPTER XXVI. 

MINERAL FERTILISERS. 

General. 

Mineral fertilisers, to an agricultural country like India, are 
becoming of greater importance as cultivation of the soil becomes 
increasingly intensified. The country’s resources in natural fertil¬ 
isers are not great and it is essential, therefore, that the best use 
should be made of whatever materials are available. 

Fertilisers are of various types, according to whether they 
provide the soil with nitrogen, polish, phosphorus, calcium or other 
elements. In Bihar, a supply of most of the more important fertil¬ 
isers is available, and in this respect the province is perhaps more 
happily placed than is any other province in India. 

Nitrogen. 

The main fertilisers used as a source of nitrogen are : nitrate of 
soda, nitrate of potash, sulphate of ammonia, calcium cyanamide. 
No nitrate of soda is produced in Bihar, or indeed in India, but there 
are means of developing the production of the other salts. 

Nitrate of foimh ,—^The occurxenee of saltpetre in northern 
Bihar is described in Chapter VIII. Part of the crude nitrate¬ 
bearing earth iforwL-ma^i) is used directly as fertiliser, although most 
is treated for the extraction of saltpetre. Some of the extracted 
crude saltpetre is also used as fertiliser. 

Sulpha^ of ammoriia .—One of the by-products in the distilla¬ 
tion of coal to form coke is ammonia which is recovered as a sul¬ 
phate, Most of the coking plants in Bihar are also recovering 
ammonium sulphate, the principal producers being: 

Tata Iron and- Steel Co., Ltd. 

Bararee Coke Co., Ltd. 

Burrakur Coal Co., Ltd. 

Londa Colliery Co. (1920), Ltd. 

East Indian Railway ColUery, Giridih. 

Eastern Coal Co., Ltd. 

The annual production of ammonium sulphate during recent years 
is given in Table 31. The average ammonia content of this material 
is about 25 percent ammonia^ 

N3 
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Table B1.— Production of sulphate of ammonia. 




BiH4R. 

Inuia. 



Tons, 

Tons. 

1920 . 


. 10,637 

17,567 

1930 . 


. 10,103 

16,131 

1931 . 


9,128 

12,133 

1932 . 


7,203 

9,474 

1033 . 


7,713 

9,886 

1934 . 


8,667 

11,776 

1935 . 


9,299 

15,398 

1936 . 


8,597 

37,603 

1937 . 


9,477 

18,150 

1933 . 


. 10,809 

14,616 

1939 . 


. 17,413 

24,192 


Consumption of ammonium sulphate as a fertiliser in India is 
gradually increasing. Considerable quantities are imported each 
year and there is room for an increase in domestic production. 

Ammonia may also be produced synthetically by the Haber- 
Bosch process, from incandescent coke, air and steam. The am¬ 
monia is dissolved in water and combined with carbon dioxide also 
produced in the process. The ammonium carbonate, in solution, is 
then treated with calcium sulphate (gypsum) with the formation of 
calcium carbonate and ammonium sulphate. The calcium carbon¬ 
ate may also be used as a fertiliser or used in the manufacture of 
cement. No plant using this process is at work in Bihar, but 
the economic possibilities of such an industry, utilising gypsum from 
the Salt Range, might be investigated. 

Calcium cyanamide ,—^At present the manufacture of calcium 
cyanaimde has not been attempted in Bihar. This material is 
becoming increasingly important as a nitrogenous manure and a 
local supply would probably create a demand. The limestone from 
which it can be manufactured is available in the province. 

Potash, 

There are several sources of potash available; nitrate of potash, 
potassium sulphate and chloride, potash felspar, blast furnace dust, 
and cement Hln gases. Of these, the sources of nitrate of potash 
available in Bihar have been discussed above under Nitrogen, the 
material providing both nitrogen and potash to the soil. Potassium 
sulphate and chloride are not available in Bihar, 
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Potash felspar .—The pegmatites of the Bihar mica bek contain 
a certain amount of potash felspar. Pascoe (p. 21) has suggested 
that the mineral could be picked from the mine dumps, and crushed 
for use as a fertiliser. It is very doubtful whether this suggestion 
would be either practicable or economical. 

The whole of this area is swarming with pegmatites dykes which 
consist usually of quartz and soda felspar, with variable amounts of 
potash felspar. It is probable that some of the veins, particularly 
those in the granite adjacent to the mica belt, may consist almost 
entirely of potash felspar ; if the veins are of sufi&cient size, they could 
be used as a source of potash felspar also for the ceramic industry. 
Potash felspar pegmatites are occasionally found in other parts of 
Chota Nagpur associated with the granitic rocks, but they are usually 
high in quartz. To the north of Jainti (22° 04' : 85° 41'), in south 
Singhbhum, some quite large pegmatites consist almost entirely of 
potash felspar. 

Blast furnace dust .—The dust deposited in stoves and boilers 
and at the base of the chimney from iron-smelting blast f'»iinaces is 
usually high in potash. This dust may contain up to 20-25 per¬ 
cent potassium chloride, 15 percent potassium hydrogen carbonate, 
and 5 percent potassium cyanide. By adding common sak to 
the blast furnace charge, sufficient chlorine may be provided to 
combine with all the potash, thus considerably increasing the yield 
in the flue dust. In Bihar, however, investigations so far made on 
the blast furnace flue dusts have not been encouraging. Their 
potash content is stated to be low, but the matter appears to be 
worthy of further investigation. 

Gement-hiln gases .—^Flue dust from cement-kilns also contains 
potash, which can also be increased by adding common salt to the 
Idin charge. In cement manufacture the collection of potash would 
require the erection of additional plant which would be costly, 
and it is probably for this reason that no attempt has yet been made 
in India to obtain porash as a by-product in the manufacture of 
cement. 


Phosphate. 

The principal sources of phosphate for the manufacture of fertil¬ 
isers are: rock phosphate, apatite, bones, and basic slag from ike 
smelting of basic steel. Of these, rock phosphate does not occur 
in India. 
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Apatite .—The depobits of apatite in Bihar have been described 
in Chapter IX. 

Bodies .—There is a very considerable export from India of 
bones and bone-meal, in which phosphates are an important con¬ 
stituent. The treatment of these, in the country, with sulphuric 
acid to form super-phosphate for fertiliser purposes will undoubtedly 
receive increased attention in the future. 

Basic slag .—The slag formed during the manufacture of basic 
steel usually contains sufficient phosphate to make the ground 
slag useful as a fertiliser, but apparently Indian basic slags are 
rather deficient in phosphate. For every ton of basic steel manu« 
factured by Tata Iron and Steel Company at Jamshedpur, about 
250'300 lbs. of basic slag is produced, averaging 3 percent P^Og in 
open hearth slag and 0 percent PgO^ in Duplex slag. This is piled on 
the dump heaps as there is no demand. During recent years the 
tonnages given in Table 32 wore dumped 


Table 

32. — Basic 

slag dumped at 

J amsliedpur. 




To?i&. 

1929 . 

. 

• • . . 

. 49,625 

1930 . 



. 38,876 

1931 . 



, 31,575 

1932 . 



. 24,000 

1933 . 



. 24,750 

1934 . 



. 89,254 

1935 . 



. 97,539 

1936 . 



. 97,043 

1937 , 



. 99,434 

1938 . 

- 

. 

. 105,166 


Miscellaneous fertilisers. 

OypNtaw.—The value of gypsum for the monsoon crops of South 
Bihar has been experimentally demonstrated by Clouston (Pascoo, 
p. 52). There are, however, no deposits of gypsum in Bihar and 
supplies have been imported feom Bikanir, 

-Under certain conditions lime is beneficial to the 
soil, especially when accompanied by other fertilisers such as potash. 
There is, of course, no dearth of good quality limestone in Bihar. 
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UHAPTER-~XXVII. 

MINERAL PIGMENTS. 

General. 

Three classes of mineral colours are in commercial use : (1) Natural 
mineral pigments, (2) pigments derived by direct treatment of 
minerals such as sulpliides, and (3) chemically manufactured in¬ 
organic pigments. The natural mineral pigments include yellow 
ochre which usually consists of a clay base permeated by hydrated 
ferric oxide ; red ochre consisting of a clay base with red ferric 
oxide ; red oxide which is soft ferric oxide with little or no clay base; 
umber and sieima which are brown earth colours, containing small 
amounts of manganese oxide. In addition, ground slate and shale 
are sometimes used as grey pigments. 

There is a well-established industry in India for the preparation 
of colour earths and considerable quantities of oxides and ochres 
are supplied. At one time India exported large quantities of high 
quality yellow ochres, but the quality depreciated and the exports 
ceased. 

Occurrences of red and yellow ochres are widely scattered in 
India and particularly in Bihar, but for the most part they are of 
inferior quality. Even the poorer ochres find a considerable use 
locally, for the colour washing of village huts, houses and temples, 
and for various other purposes. 

Grades aad quality. 

The natural colour pigments may be di\dde(l into the red and 
yellow ochres, the red, brown, purple and black oxides, the siennas, 
and the umbers. The valuation of these requires expert judgment 
and is dependent upon the richness of colour, staining power and, 
in the case of the ochres and oxides, upon the iron content, 

A simple test of these pigments may be made as follows: A 
sample is dried and finely powdered, then mixed with oil and 
spre^ over a piece of clear glass. The colour as observed through 
the glass is then compared with prepared sample of sts and ard. 
colours. 
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Before marketing, most oclires have to be dried, ground and 
sieved. In some cases, where mixed with coarse impurities, leviga- 
Lion is necessary. Sometimes the colour may bo improved by 
calcining. 


Uses. 

The ochres of various shades have a reasonably good covering 
power, are permanent colours and have no effect on other pigments. 
They are extensively used in the manufacture of paint, oilcloth 
and linoleum, paper, and as a pigment in ceramics, cement, rubber 
goods, etc. 

The oxide pigments are durable, good driers, possess good spread¬ 
ing power, and are cheap and inert. They are widely used for 
painting exposed iron and steel work, such as ships, bridges, railway 
trucks, and, like the ochres, are used as a pigment in linoleum, wall 
paper, cement and rubber goods. ‘‘Rouge a finely ground form 
of pure oxide, is used for polishing metals, gems, etc. 

A variety of ferric oxide, known as micaceous hematite, consists 
of natural minute thin scales of hematite which, after sifting and 
mixing with boiled linseed oil, is used for painting exposed iron, steel, 
and wood work. 

The brown earths, the siennas and umbers, vary in colour from 
brown to reddish brown and comprise a wide variety of tints. 
They are largely used in printing, as artist’s colours, and as a 
stain and colour filler usually with other colours. 

Distribution. 

Both red and yellow ochres are found in Bihar mainly associated 
with the basic igneous rooks and phyUites of the Archeans, and with 
the laterites. 

Qayck —Sherwill recorded that an indurated reddle of orange, 
purple, light red or yellow colours was formerly quarried on a small 
hill west of Gaya and used for dyeing cloths. 

Mondlhum .—^In the hills along the edge of the Dalma lavas to the 
southeast and west of Chandil (22° 57' : 86^^ 04') there are deposits 
of red ochres and black carbonaceous phyUites similar to those in 
Ranchi district to the west. A clay at Rajabasa (22^^ 49' : 86® 24') 
is used locally as a colour wash. 
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Ranchi district .—A fine puxplisli red clay is sometimes found 
along the edge of the Dalma lava flows. This clay is apparently 
derived both from tuffs and from the lavas themselves. Quite a 
large amount of this material occurs on the ridges to be southwest 
of Kubasa (22° 67': 86^^ 48') where the ochre is usually homogeneous 
but is occasionally finely banded—^its inaccessibility appears to be 
its main drawback. 

Attempts have been made to work red ochres in phyllites, just 
south of Eay station (23® 41': 86® 04'), but the quality is too poor. 

Deposits of lithomarge which might be suitable as yellow ochres 
occur below the laterites on the small plateaux of western Ranchi. 

Close to the Dalma lavas there are fine deep black carbonaceous 
phyllites which are soft and would be easily powdered, and might 
be suitable as a black pigment. The principal localities are Papirda 
(22® 57': 85® 39') in Ranchi, and a belt between Kudda (22° 57' ; 
85® 50') in Ranchi and Gangokocha (22® 54': 85® 59') m Manbhmn, 

tiantal Parganas .—Ochres are known to occur in association 
with the clay deposits of the Eajmahal hills. 

Shahahad .—Sherwill recorded that extensive beds of ochre were 
exposed on the Kaimur plateau at Madpa (24® 38': 83® 30') and 
Chathans (24® 38': 83® 40'), and that the material was formerly 
carried to Patna and Benares for use in dyeing and as a pigment. 

Singhbhum.—'Re^^ and yellow ochres of fair quality are found 
as pockets in the Iron-ore Series phyllites in the neighbourhood of 
Goilkera (22® 31': 85® 23'). Some two miles south of Kuira (22° 32' ; 
85® 31') massive shales grade to fine red ochres over quite a wide 
area. There are many similar occurrences in southern Kolhan, 
but the majority are not of high quality. However, the red clays 
which form the alteration product of lavas just below the base of 
the Kolhan Series may be of quite good quality in some cases. The 
villagers m Dhalbhum obtain ochre for colouibg their huts firom 
the ferruginous phyllites near Mangru (22® 29': 86® 16') and north 
of Mahespur (22® 23'; 86® 30'). Clays at Metiabandi (22° 33'; 
86® 38'), Kharhi dungri (22® 32': 86® 45'), and near Dharadih (22® 
43'; 86® 32') are used as a colour wash. 

In the Porahat, on Bioha Buru (22® 39'; 85® 24'), Karamta Bum 
(22® 40': 85® 25') and Lukud Burn (22® 40': 85® 27') there are con¬ 
siderable deposits of micaceous hematite which have never yet 
received serious attention. 
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In southern KoUian there are deposits of manganese-ores and 
it is possible that brown earths may be found associated with these 
and which might be used as siennas or umbers. Other possible 
localities are Leda Burn (22^ 28' : 86° 22') and Basadera (22° 40' : 
86° 30'). 

Future. 

In view of the large imports of mineral paints into India, there 
does appear to be considerable scope for expansion of the local 
industry. Admittedly a large proportion of the deposits of ochre 
scattered throughout the province are of poor quality, but it cannot 
be taken for granted that additional deposits of suitable material 
win not be found. In particular, the deposits associated with the 
Dalma lavas and with the lavas and tuffs of the iron-ore area of 
southern Singhbhum, should repay a closer investigation. Also the 
micaceous hematites of the Porahat may later find a wide market. 
The use of the black carbon phyllites of South Eanchi and South 
Manbhum may prove a profitable source of black pigment. 
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CHAPTEK XXVIII. 

MINERAL WATERS* 

OeneraL 

Mineral springs, many of them possessing medicinal and radio¬ 
active properties, are quite numerous in many parts of India, and, 
in this respect, Bihar is perhaps the most abundantly endowed 
province. With the exception of a few springs, such as Sita Khund 
and Phillip’s Khund in Monghyr district, and Vishwamitru and 
Makhdum Khund in Patna district, the waters from these springs 
have not as yet been exploited either for medicinal use or as table 
waters, notwithstanding that the curative value of some of these 
waters for certain diseases has long been recognised locally. How¬ 
ever, some of these springs are held sacred, temples have been 
erected close by, and baths built in which pilgrims, who come from 
great distances, may bathe in the waters. 

Recently, an investigation of the radioactive and medicinal 
properties of these springs in India has been commenced, and much 
of the information which follows, on the properties of some of the 
Bihar mineral waters, has been provided by Dr. P. K. Ghosh, of the 
Geological Survey of India. 

Classificatioii. 

Dr. Ghosh classifies the spring waters into {a) Radioactive waters 
and (6) Medicinal waters. 

The radioactivity of spring watem is given in terms of the amount 
of radon (enaanation of radium) per litre of water. Several of tie 
springs in Bihar compare favourably with some of the most radio¬ 
active waters overseas, used solely for their radioactive properties 
in curing all forms of rheumatic and’ arthritic conditions and for 
anamia. 

The medicinal value of the waters is judged by the amount of 
salts of medicinal value present in the waters, as compared with 
those present in recognised medicinal waters overseas. Various 
t}q)e8 of waters may be recognised in India: 

1. {a) Sulphur waters (cold), Trmkquelle type. 

(&) Sulphur waters (warm), Aix-les-Bains type. 
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2. {a) High carbonate waters, Apollinaris type. 

(6) Lower carbonate waters, Evian water type. 

3. Chloride (saline) waters, Marionquelle and Leamington type. 

4. Chloride waters (milder). 

5. Waters which do not resemble known European waters. 

Up to the present, in Bihar, waters of the Aix-les- Bains type 
have been found as well as others having no resemblance to the 
usual European types. 

In determining the medicinal value of a water the principal cons¬ 
tituents analysed are: silica (Si), iron (Fe), aluminium (Al), cal¬ 
cium (Ca), magnesium (Mg), sodium (Na), potassium (K), carbonate 
(CO3), bicarbonate (HCO3), sulphate (SO4), nitrate (NO3), sulphide 
(S), chloride (01), fluoride (F). 

The amounts of these constituents are determined in parts per 
million. In addition HgS and COg are found in many of the waters, 
whilst spectroscopic analysis has shown the presence, in some of the 
waters, of minute quantities of manganese, lithium, strontium, 
barium, copper, tin, zinc, lead, bismuth, boron, beryllium, titanium, 
molybdenum, palladium, ruthenium, osmium, iridium, platinum, 
gold, silver. 


Distribution. 

The springs occurring in Bihar are grouped mainly into the 
following areas, although occasional mineral springs are found in 
other parts of the province: 

1. Eajghir Hills. 

2. Hazaribagh. 

3. Monghyr. 

4. Santal Parganas. 

5. Coalfields. 

Only springs within the first three of these groups have recently 
been subjected to close investigation of their properties, others it is 
hoped will be examined in the future. 

1, Rajghir HiUs ,—Springs are found at three distinct localities: 

(а) The Rajghir springs (25° 01' : 85° 25'), in Patna district, 

comprising more than a dozen springs. 

(б) Tapoban (24° 55' : 85° 19'), about 12 miles W. S. W. of 

Rajghir, in Gaya district, and totalling four springs. 
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(c) Agni Khund (25° 00' : 85° 30'), 8 miles E. S. E. of RajgMr, 
in Gaya district, at tlie foot of a ridge, and comprising 
several minor springs in addition to the main spring. 

All of these springs are associated with Archean quartzites. 

2. HazarihagJi. —Springs are found in at least six localities: 

(а) Sura] Ehund (24° 09' : 85° 38'), near Barkatta. 

(б) Kawa Gandhawani (23° 44' : 85° 23'), near KanM, west of 

Mandu on the Hazaribagh-Eanchi road. 

(c) Duari (24° 08' : 86° 09'), on the western bank of the Balbal 
near Duari. 

{d) Katkamsandi (24° 07' : 85° 12'). 

(e) Kesodih (24° 12' : 86° 02'). 

(/) Indra Jurba (23° 50' : 85° 27'). 

La Touche also recorded springs at Lurgurtha and Sosonia but 
these places cannot now be located. 

At Suraj Khund there are six springs, in pegmatite and aplitic 
granite with silicified quartzite. At Kawa Gandhawani there are 
four minor springs in addition to the main spring, and all are in 
granite-gneiss. At Buari, four springs emerge from the soil, with 
cnished chalcedonic quartzite, probably fault-rock, in the vicinity. 

3. Monghyr, —Springs have been recorded from at least nine 
localities in the vicinity of the Kharagpur hills. In the following 
list only those at the first two localities have been the subject of recent 
investigation : 

(а) Sita Khund (25° 22' : 86° 32'). 

(б) Eishi Khund (26° 15' : 86° 32'). 

(c) Bhimabandh (25° 04' : 86° 24'). 

{d) Bhurka {% 25° 18' : 86° 37'). 

(e) Janam Khund (25° 07' : 86° 24'). 

(/) Lachmi Khund {? 25° 03' : 86° 29'). 

{g) Panchbhur (25° 06' : 86° 16'). 

{h) Eameswar Khund {? 25° 09' : 86° 30'). 

(i) Singhi Eikh Tatal Pani (25° 08' : 86° 18'). 

At Sita Khund there are two main springs, Sita Khund and 
Phillip’s Khund. They occur in the soil-covered plain in which the 
underlying rock is apparently a much jointed and firactured quartz. 
At Eishi Khund ninet^n springs were examined at the foot of the 
q^uartzite rid^. 
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4. Fimial Pargmas,—Wo^t of fhe springs in the Santal Parganas 
lie to the west of the Rajmahal hills, but two occur within the 
Rajmahal traps. A total of seven springs has been recorded: 

{a) Bhumka (24^ 02' : 87^ 17'). 

(6) Nunbhil (24" 05' : 87" 13'). 

(c) Snsumpani (24" 09': 87" 17'). 

{d) ?Tapatpani (24" 12' : 87" 21'). 

(e) Jharia (24" 20': 87" 42'). 

(/) Baramasia (24° 31' : 87" 39'). 

{g) Lau-lau-dah (24" 22' : 87" 43'). 

La Touche recorded a spring at Tatloi but it has not been possible 
to trace this locality recently. 

The Bhumka and Jhaiia springs are in marshy groimd. At 
Nunbhil, Susumpani, and Tapatpani, the springs emerge from grits 
and conglomerates. The Baramasia and Lau-lau-dah springs are in 
the Rajmahal trap area. 

6. Coalfidds .—Several springs have been found along the east- 
west belt of coalfields, extending from the Raniganj field, in Manbhum, 
on the east, to the Hutar field in Palamau on the west, following 
mainly the vaUeys of the Damuda and Auranga riverr. 

The more well-known springs are the following: 

{a) Tathi (23" 41' : 86" 48'), west of the Raniganj field, Man¬ 
bhum. 

(fc) Sheopur or Sarsa Elund (23" 40' : 86" 35'), east of the 
Jharia field. 

(c) Indra Jurba, west of the Bokaro field. 

(d) Kawa Gandhawani, southern edge of the Karanpura field. 

(e) Jaram (23° 49' : 84" 30'), north of the Auranga field. 

{/) Kokraha (23° 45' : 84" 05'), on the Hutar field. 

Of these Indra Jurba and Kawa Gandhawani have been already 
noted under the Hazaribagh springs. Kokraha is actually on the 
Gondwanas, but the others are in the Archeans close to the coal¬ 
fields. Little is known about them except that most are sulphurous. 

South of the coalfields belt hot springs are known to occur at 
several places. 

Properties, 

Of the springs mentioned above only the following have been sub¬ 
jected to mcent investigation: the Rajghir springs in Patna district; 
the springs at Tapohan and Agni Khund in Gaya district; the Suraj 
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Kbund, Kawa Gandhawani, and Dnari springs in Hazaribasb dis- 
tiict; and the springs at Sita Khund and Eishi Khund in Monghyx. 
At some of these places several springs have been examined, and 
the properties of twenty-three springs determined. 

The radioactive and other properties of these waters are given in 
Table 33. It will be noted that they may be arranged into five 
groups, according to their degree of radioactivity. Each of these 
groups may be compared with waters of similar pioperties in Europe, 
which are used for the following purposes: 

Group /.—Comparable with Caria, Portugal, Bad Gesteen, 

Austria, and Eoman Well, Italy. Utilised solely for their 
radioactivity; said to cure gout and rheumatism of all 
forms, ansemia and weakness. 

Group IL —Comparable with Biittel, Baden, and Porla, Sweden. 
Utilised for the same purpose as Group I. 

Group III ,—Comparable with Hog, Sweden, Bath, England, 
and ApoUinaris. Utilised both for their radioactivity and 
medical constituents. 

Group IF.—Comparable with Droitwich, England. Utilised 
chiefly for their medical constituents. 

Group V ,—Comparable with Llandrindod Wells, Wales. Utilised 
for their medical constituents. 

All of the springs listed in Table 33 have a local reputation for 
the cure of skin diseases, rheumatism, digestive disorders and in¬ 
ducement of appetite. The waters of Agni Khund, Gaya district, 
have a special reputation for the cure of skin diseases. 

Chemical analyses have been made of all of these waters. With 
the exception of three, they show remarkably little mineralisation, 
and apart from slight alkalinity almost approach distilled water 
in purity. The springs at Kawa Gandha-wani, Duari, and 
Suraj Khund, Hazaribagh district, are all well minerahsed, the first 
two being also strongly radioactive. Analyses of these three waters 
are given in Table 34. From the point of view of medicinal constit¬ 
uents, the Duari and Suraj Kiund waters are comparable with 
those of Aix-les-Bains. The Kawa Gandhawani water has no known 
European equivalents. From the analyses it will be noticed that 
they all contain quite an appreciable amount of fluorine. The 
presence of fluorine is frequently regarded as inimical in the use of 
waters for drinking purposes, and the effect of their presence in 
these waters should be investigated. 
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Table 33.— Properties of Bihar spri>ig$. 





Radon 

Rato of 
flow. 
(Gallons 
per hour). 

Teuipcia- 


•Spring. 

Locality 

District. 

content 
in mMc. 

ture 

Centigiade 

Gas 


I.— Springs op vbry high Radioactivity 


Kawa Gaiidhawani 

Kanki . 

Hazaribagh 

9 51 

1,160 

35“ 

Slow H S 





bubbles. 

Brahma Khiind . 

Baighlr . 

Patna 

6 8718 

8,000 

42*5“ 

Intermit- 
tent inert 

gas. 

Chandrama Khund 

Do. . 

Do. 

6*69 

200 

40“ 

ml 

Sturai Khund 

Do. . 

Do. 

6-42 

575 

41“ 

r?/. 

Sita Khimd . 

Do. . 

Do. 

6*20 

200 

10“ 

ml . 

Brahma Khnnd . 

Tapohan 

Gaya 

61022 

760 

47“ 

} il 


IT— Springs of high Radioactivity. 



Bnari .... 


Hazaiibagh 

3*28 

600 

46“ 

Intermit- 






tent H-S. 

Makhdum Khund 

Rajghir . 

Patna 

4*13 

1,436 

36“ 

ml. 

Vyas Khund 

Do. . 

Do. 

8*676 

1,044 

41“ 

ml. 

Ganga Khund 

Do. . 

Do. 

8*68 

760 

42“ 

na. 

Jamuna Khund . 

Do. . 

Do. 

8*60 

416 

41*5“ 

nil. 

Agni Khund 


Gaya 

4*284 

9,000 

60“ 

Frequent HiS 
and CO* bub¬ 







bles. 

Sita Khund . 

Sita 
Khund 
Do. . 

Monghyr . 

4*21 

88,000 

67“ 

Copious COj 

Phillip’s Khund . 

Do. 

3*046 

10,600 

65“ 

Do- 

KUhi Khund, South (K) 

Rishi 

Khund. 

Do. . 

8-193 

500 

44“ 

Do. 

Rishi Khund (H) . 

Do 

Do. . 

4-80C 

700 

46“ 

Few CO™ bub- 







hies. 


ITT.— Springs op MODmATixT high Radioactivity. 


VisuramJtra Khund 

Rajghii 

Patna 

1-38 

1,436 

41*5“ 

nil. 

Marliandya Khund 

Do. . 

Do. 

1*73 

126 

30*6“ 

ml. 

Kam Khund (hot) 

Do. . 

Do. 

1-0036 

65 

82“ 

ml. 


TV.— Springs op mtld Radioactivity. 


Suraj Khund 

Barkatta, 

Hazarihi^h 

0*7478 

3,000 

87“ 

0 0 n t i n u- 






oua COjand 

SUft Khund . 

near Suraj 

Do. . 

0-72 

feeble 

27“ 

H»S. 

Slow CO^, 


Ivhund. 




Ladusiin Khund . 

Do. . 

Do, . 

0*906 

100 

CC“ 

Intermit- 







tent COi bub¬ 
bles. 


1 V.—Springs vpith kbgmgibm Radioaotivitt. 


Bam Khund (odd) « 

iRaJghlr . 

1 Patna 

1 traco 

10 

23*5“ 

ml. 
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Table 34 .—Composition of medicinal waters. 

(In parts per milb’on) 


— 

Duari. 

Suraj 

Khund. 

Aix-lcs- 

Bains. 

Kawa 

Gandhawani. 

Silica . . . 

Iron . . . . Fc 

Aluminium . . . A1 

Calcium . . . Ca 

Magnesium . . . Mg 

Sodium . . . Na 

Carbonate . . , CO, 

Bicarbonate . . HCO-, 

Sulphate . . • 

Sulphide . . . S 

Chloride . . . Cl | 

Fluoride . . . F 

68 

nil 

4-24 

2-9 

nil 

128 

1 121 

38 

20 

71 

18 

128 

nil 

nil 

2-9 

trace 

146 

123 

65 * 

*92 

21 

5 

4-2 

8*7 

64 

19 

34 

112 

151 

34 

18 

.. 

56 

niL 

1P4 

nil, 

nil, 

100 

185 

7 

*39 

17 

Total Solids . 

420 

540 

416 

352 

Gases .... H^S 

Present . 

Present . 

Present 


CO, 

9 

Present . 

Present , 

.. 

Detected by spectrum analysis 

Potash 
Manganese 
Lithium . 
Strontium 

Potash 
Lithium . 
Strontium 


Calcium. 

Potash. 

Manganese, 

Lithium. 

Barium- 

Strontium. 


Future development. 

The springs listed in groups I and IT compare favourably with 
the majority of the European springs for radioactivity, and far 
exceed the best English water from Bath. They could undoubted¬ 
ly be used for the same purpose as such waters in other countries. 

The wateis of the radioactive groups I and 11, with the excep¬ 
tion of those from Kawa Gondhawani and Duari, possess little 
mineralisation. One of the springs of this group, at Phillip’s Kund, 
is now being utilised for the manufacture of aerated water. To 
derive the maximum benefit from such radioactive waters, however, 
they should be used on the spot as the radium emanation is reduced 
to half in nearly three days and almost completely disappears in 
30 days. 

The Kawa Gondhawani and Duari waters, with their combined 
radioactive and mineral contents, should bts of pairticular value, but 
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it would be advisable to investigate the possible harmful effect of the 
fluorine content. If advisable it may be possible to treat the 
water to eliminate this constituent prior to use. 

AH of these springs throughout the province should, wherever 
possible, be brought under State control for future exploitation. 
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CHAPTER XXIX. 

MINERAL WOOL. 

Qeneral. 

If mineral matter is fused and then blown by a blast of air 
or steam it is drawn out into fine fibres; this material has been ^ven 
the name mineral tvool. There are several varieties of this depend¬ 
ing upon the composition of the original melt: glass melts give 
glass wool or glass siH\ metallurgical slags give slag tvool, and fused 
rock or mixtures of rock give roch wool. 

Mineral wool was apparently first made in Wales ami Germany 
about 1840. Later, in 1870, fibre made from glass and from 
furnace slag, was known as mineral cotton in the United States; it 
was not until 1896, however, that a plant was constructed in Indiana 
for manufacturing mineral wool. Since then the technique of 
manufacture has considerably improved, and, particularly in recent 
years, there has been a rapid growth of the industry. In 1936, the 
production of mineral wool in America had risen to 500,000 tons, 
ha\dng a sale value of $6,000,000, with 50 plants in operation. 

Dr. Krishnan, of the Geological Survey of India, has recently 
drawn attention to the possibility of manufacturing this material 
in India, He has pointed out the need, in a tropical country like 
India, for a cheap insulating material which can be used in building 
construction. 


Uses. 

The value of mineral wool lies in its heat insulating property 
and this is due to the still air trapped between the fibres. Experi¬ 
ments have demonstrated that fibres with a diameter of 2-10 microns 
give the best results. Although not as good a heat insulator as 
asbestos it is amongst the best insulators. It is used for protecting 
water pipes, furnaces, stoves, boilers, retorts, smokestacks, ice boxes, 
refrigerators, etc. It is used also to deaden sound in buildings, as 
a filter for air and for certain corrosive liquids, and also as a packing 
against shock. 

Mineral wool is put on the market in various forms according to 
the use for which it is required 


o2 
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Loose wool is the material as it emerges from the blowing room, 
and is used in that form for insulating buildings. 

Granulated wool is made by passing the loose wool through 
granulators which break it up into short fibres. This is used for pack¬ 
ing into walls, roofs, etc., by blowing it in through a hose with com¬ 
pressed air. 

Batts are made by compressing the wool with a binder and 
cutting into suitable shapes for use in buildings, in such spaces as 
beneath floors, in walls, roofs, etc. They are sometimes made into 
continous rolls. 

Blankets are rectangular shapes in which the wool is sewn 
between wdre-netting, expanded metal, paper, etc., and may or may 
not be held together by a binder. 

Tiles, bricks, boards and blocks are made by binding the wool 
with such material as asphalt, plaster, cement, etc., and moulding 
it into the required shape. They are used for such purposes as 
lining refrigerators and stoves. 

Insulating cement is made by mixing the wool with such binder 
as clay, bentonite or cement, and is used around irregular objects, 
steam pipes, etc. 

Dress fabrics, heat-resisting ropes, and fire-proof curtains have 
been made from the better soda-lime-silica glass wools. 

Raw material. 

The raw materials used in the manufacture of mineral wool 
include broken glass and cliina, sand, gravel, earth, slag, easily 
fused rock, shale and impure limestone. But the composition of 
the material uscvl and the temperature and other physical condi¬ 
tions of manufticture sliould be kept under control in order that the 
product may be uniform. 

In Bihar the slag from the blast furnaces at Jamshedpur might 
be used for the manufacture of slag wool after experiment. There 
are no natural rocks in the province which could be described as 
readily fusible. There are, however, many deposits of impure 
limestone and dolomite which could be used, with silica, for the 
manufacture of mineral wool, perhaps in conjunction with cement 
works. 
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Production* 

The raw materials are heated in various types of furnaces: 
cupolas, reverberatory, or electrical furnaces. There arc several 
methods of drawing into fibres. The simplest is to pour the melt 
in a thin stream across a jet of steam or air. which splits the melt 
into small globules which are then drawn by the blast into threads. 
Another method is to drop the molten stream on to a disc revolving 
at high speed; the droplets are thrown off as fine fibres. The melt 
may also be spun into threads on a rotating wheel or drum. Ex¬ 
ceptionally long fibres may be produced by the latter method. 

According to Fryling and TiTiite, to produce 2,000 lbs. of rock wool 
the following raw materials are required: 3,000 lbs. of rock, 1,200 
lbs. of coke, 3,000 lbs. of steam, 4,000 gallons of cooling water. 
Accordingly cost of coke is a large item, but the U. S, Bureau of 
Min es has estimated that with coke at S 4 to §5 per ton the cost of 
producing rock wool should be less than S 20 per ton. 

The possibilities of production in India might be investigated 
but careful research will be required on the various processe-s 
which could be used before any practical success is likely. 
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GHAPTEE XXX. 

REFRACTORY MATERIALS. 

General. 

Bihar's resouices in minerals which can be used for refraetoiy 
puiposes aie both considerable and varied. Apart from the more 
common materials, clays and silica, which are used for the manufac¬ 
ture of refractory bricks, there are deposits of other minerals the 
properties of which permit them to be used for special refractory 
purposes, 

A large and important industry has been built up in Bihar and 
just over the border in Bengal, utilising some of the province’s re¬ 
sources in the manufacture of refractory goods. In other cases 
quite a considerable export trade has arisen in the despatch of 
refractory raw materials to other countries ; no doubt, in the future, 
there will be an increasing tendency to work up these raw materials 
in the country and export the manufactured articles. 

In this chapter the wider meaning of the term refractory ^mterial 
has been accepted, and includes all materials which are used 
because of their heat resisting qualities. 

Bauxite. 

As described id Chapter XIT, the reserves of bauxite in Bihar 
are considerable. The uses of this material arc varied, one application 
being in the manufacture of aluminous refractory bricks. Although 
bauxite bricks are manufactured in India from Bihar bauxite, the 
production is limited almost entirely to the requirements of local 
industry. At present the prospects of developing an export trade 
in bauxite bricks do not appear to be favourable. 

Chromite. 

Amongst the several purposes described in Chapter XIV for which 
chromite can be used, one of the most important has been as a 
neutral refractory. The manufacture of chromite bricks is rather 
more difficult than is the case of most other refractories and con- 
^erable skill is required in treatment in the kilns. Chromite bricks 
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have been successfully made in India, at least equal in quality to 
chromite bricks elsewhere. For this purpose the chromite from 
Singhbhum is not so suitable as the chromite from Baluchistan or 
South India. Possibly the reason is connected with the fact that 
the inter-grain matrix in the Singhbhum ore is serpentine, as distinct 
from the magnesite matrix of the South Indian and Baluchistan 
material. The iron content is another factor of importance, as 
chromite with a high iron content is unsuitable. 


Fireclays. 

The extensive refractory industry of Bihar has been based 
principally upon the excellent deposite of fireclays which occur in the 
Gondwana rocks of the coalfields. The occurrences of these clays 
have been described in sufidcient detail in the general account of 
clays provided in Chapter XV. Resoiuces of fireclays in the province 
are such that the industry is certain to continue to expand in the 
future, and there is little doubt that the requirements of metallurg¬ 
ical and other industries in the country can be fully met by locally 
produced firebricks. 


Dolomite. 

True dolomite consists of calcium and magnesium carbonates 
in equal molecular proportions, theoretically 45*65 percent MgCOg 
and 54*35 percent CaCO^j, but usually the proportion of CaCOg is 
greater. The term dolomitic lim<‘stone is commonly used for lime¬ 
stones with between 10 and 40 percent MgCOs* 

After calcining to the deadburned ” condition at 1500®C, 
these rocks are used for lefractory purposes in basic open-hearth 
furnaces and in Bessemer converters, cither as a plaster or in the 
form of bricks. Dolomite is also used for fettling furnace walls. 
Dolomite may eventually take the place of magnesite as a refractory 
for steel smelting. Dolomite bricks are prone to disintegrate as a 
result of hydration of the free lime when the furnace is cold. In 
a recent process the lime is converted to a calcium silicate by adding 
magnesium silicate and the product stabilised against inversion by 
the addition of chromic oxide. The talc-magnesite-rock near Bhitar 
Dari, south of Jamshedpur (see page 211)> may be experimented 
with for this purpose. 
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The known resources of dolomitic limestone available in Bihat 
are small, but others may be found, particularly in Palamau where 
they are Imown to occur associated with limestone southwest of 
Daltonganj (see page 167). 

Just to the north of Chaibasa in Singhbhum, there is a deposit 
of dolomitic limestone interbedded with the Iron-ore Series at 
Putada spring (22® 34' : 86® 49') an analysis is given in Table 36. 

Table 35 .—Dolomite from Putada spring^ Chaibasa. 


SiOj ♦ • • 


• 




Percent. 

2-50 

Al^jOg 


• 




1-66 

FCgOg 






0-24 

CaO . 






32-69 

MgO , 






15-96 

NajO 






0-88 

KjO . 






0-13 

MAO . 






. trace 

Loss on ignition . 


• 


• 

• 

45 52 







99-58 


In the Vindhyans of Shahabad district a band of hard dolomitic 
limestone containing 16*5 percent MgO (35 percent MgCOs) oc¬ 
curs in the Kohtas stage in the vicinity of Banjari (24® 41'; 84® 00'). 

Graphite. 

Attempts have been made to manufacture graphite crucibles 
in India. The quality of the material does not, however, appear 
to reach the standard used in imported graphite crucibles. One 
of the reasons advanced is that Indian graphite contains much 
mica, which lowers its fusibility. 

Micaceous graphitic schists containing disseminated small flakes 
and segregations of the mineral up to 1 inch in size have been found 
at Arapur (24® 14': 84® 02'), Tulbula (24® 15': £4® 02'), and Hatai 
Khas (24® 14': 84® 01') near Daltonganj(l), A fragment of graph¬ 
itic gneiss has been recorded from the bed of the Koel river near 
Hutar, Palamau district. After picking, a sample of graphite 
from Baghmari (24® 48': 86® 46'), 4 miles north of Katauria, Monghyr 
district^ as^yed 64 percent carbon{2). Graphite has also been 
leotarded at Dimadiha (23® 29': 86® 09') in Manbhum, 
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In Nortli Singlibhum, South Ranchi and South Manhhum beds 
of carbon phyUite are associated with the Dalma lavas(3). There 
are quite extensive areas of phyllite in which the content of amorphous 
carbon is very high. Whether the grade of these deposits could 
be improved by dressing, and whether the dressed material would 
be marketable, might be worth investigating. 

Kyanite. 

Apart from its use in high-grade ceramic ware, the greater part 
of the output of kyanite is used for refractory purposes, particularly 
in furnaces where temperature fluctuation and other conditions 
are severe, as in glass furnaces. In view of its ready fusion with 
metallic oxide slags it may not be used in contact with molten metal. 
The Bihar occurrences of this mineral are described in Chapter 
XXI. Although the deposits in Bihar proper will have only a 
very limited life, the resources in the adjacent State of Xharsawan, 
at Lapsa Bum, worked by the Indian Copper Corporation, are 
great. 

There seems no real reason why the manufacture of refractory 
bricks made from kyanite should not increase considerably in the 
near future in India, instead of permitting the export of almost 
the entire output of the raw material. It is largely a question 
of local demand, but should the glass industry expand, then require¬ 
ments of high-grade refractory should increase. 

Magnesite. 

The magnesium carbonate, magnesite, is a valuable neutral 
refractory, used particularly in steel smelting. So far no substitute has 
been found for it, although it is not improbable that dolomite may 
replace it eventually. In India deposits of magnesite occur in 
South India and in Idar State ; if any deposits could be found in Bihar 
they would be of great value to the steel industry. 

ITo deposits of pure magnesite are known in Bihar. On the 
hills northwest of Bhitar Dari (22° 41': 86° 11'), in S^hbhum, 
there is a large deposit of talc accompanied by magnesite(4); in 
places this magnesite forms a very considerable proportion of the 
rock, but none of sufiBicient grade to be of economic importance has 
been seen. A thorough prospecting of this deposit may be worth 
while. 
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Quartz-schist. 

Quartz-scliists and quartz-granulites are quarried in Bihar for use 
by the steel industry in lining the Bessemer converters and, for 
this purpose, they are practically equivalent to the gannister used 
in England. The main quarries are in Singhbhum where the Tata 
Iron and Steel Company have opened up many quarries between Eakha 
Mines (22^ 38': 86° 22') and Kendadih (22° 36' : 86° 25'). The 
quartz-schists and granulitos here (5) are the beds in which segre¬ 
gations of kyanite are found (see Chapter XXI). 

Silica. 

Silica, in the form of quartz, is extensively used in the refractory 
industry for the manufacture of silica bricks. These bricks are used 
particularly in the construction of coke ovens and in the roofs of 
steel furnaces where the conditions of rapid alternations of tempera¬ 
ture would disintegrate ordinary firebrick. For this purpose a 
rather pure crushed quartzite is used, of which there is a plentiful 
supply in the Archean quartzites of Gaya and Monghyr districts. 
Messrs. Burn and Co. are quarrying quartzite for silica bricks from 
the foothills of the Kharagpur hills close to Jamalpur (26° 18': 
86° 29'). 

A small amount of silica, in the form of quartzite, is also used in 
the manufacture of porcelain bodies. Most of this is obtained from 
near Jamtara on the E. I. Ely. 

Silica in the form of sand is also used as moulding sands in 
foundry work. Eiver sands such as those along the Damodar may be 
used, or sometimes crushed sandstones, or oven vein quartz. 


Steatite. 

One of the uses of steatite is as a refractory material in small 
furnaces and stoves, and in recent years the mineral has found an 
increasing application as a lining in alkali smelting furnaces in paper 
mills, where resistance to alkaline slags is essential. It also finds 
a wide use in gas burner tips. 

As noted in Chapter XXXIT, deposits of this mineral arc by no 
means moonsiderable, and most of them yet await investigation 
and devdopment for modem purposes. 
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CHAPTEE XXXI. 

SAND. 

General. 

A very large amoimt of sand is absorbed in a wide variety of indus¬ 
tries, No statistics of sand production are available in India, but 
tbe quantities used in building, road-making, stowing in coal mines, 
and tbe glass industry, must run into many thousands of tons each 
year. 

Sands occur as detrital deposits. In Bihar they are found 
usually along the stream beds, and in North Bihar extensive beds 
of sand are known to immediately underlie the surface over wide 
areas, particularly in Pumea district. As a rule sand grains range 
in size from 0*02 inch to 0*2 inch; above the latter size they grade 
into grits and gravels. Sometimes soft friable sandstones which 
can be readily crushed are used as sands. 

Most river sands are rather impure. The main constituent 
is, of course, quartz grains, but in addition grains of felspar, 
mica, argillaceous material and iron oxide are commonly present, 
with frequently very small amounts of other minerals. 

As a rule sand requires a certain amount of treatment before 
it may be used. For many purposes it must be sized by sieving 
through a series of screens. Washing may also be necessary to 
remove clay material, mica, and organic matter. For certain 
purposes, such as in the glass industry, the sand must be of a par¬ 
ticularly high degree of purity. 

Uses and properties. 

In the near future, perhaps the greatest use of sand in Bihar 
will be for stowing in coal mines. For this purpose purity will be 
immaterial, as also will size within limits. 

For building purposes in mortars and concrete a clean sand is 
preferred, and usually a sharp sand, that is, one with angular rather 
than rounded grains. For use in road construction a clean sand is 
not essential, and dose screening is not necessary. 

The properties of glass sands have been described in Chapter 
XVIEL Purity and reasonably close sizing is here essential, 
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and for tMs reason sands whicli are suitable for tbis purpose are 
rare, and they are commonly obtained by cmshing friable pure 
sandstones. 

A large amount of sand is required by foundries, as moulding sands 
in which the metal is cast. Sand for this purpose must have special 
properties, and is used mixed with other materials. The moulding 
sand after mixing must have cohesiveness in order to retain the shape 
of the pattern, and naturally it must be sufficiently refractory not 
to be fused by the molten metal. Gases are given off by the molten 
metal, so that the moulding sand must be sufficiently permeable to 
allow the escape of these. As a rule large castings are cast in 
moulds made from a coarser sand than is used for small castings. The 
moulding sand mixture varies also for the type of metal to be cast. 
For iron a very high quality sand is not essential, a good cohesive¬ 
ness is the main property. For steel castings a good quality fine sand 
is used with special binders such as bentonite. For casting aluminium, 
lead, copper, brass or bronze, particularly if great detail is essential, 
a very fine sand must be used with a special binder. All foundries 
have their own moulding mixtures which are invariably the result 
of considerable experiment. 

Other metallurgical applications of sands are for lining and patching 
certain furnaces, cupolas, ladles and vessels that are used for holding 
molten metal. For these purposes a high-grade material is necessary. 

For the manufacture of ferro-silicon a very pure quartz sand of 
even grain-size is essential. 

For the manufacture of refractory silica bricks and for use in 
ceramic ware a very pure silica sand is necessary; accordingly 
detrital sands are rarely used, and crushed sandstone or quartzite is 
the main source. 

Sands are used for filtering water. For this purpose they shoidd 
be free from clay and organic matter, and the grains should be 
evenly sized. Some sands contain a high proportion of heavy 
minerals hke magnetite, ilmenite, rutile, etc., and in certain filters, on 
a^'tation, these heavy grains settle to the bottom and soon become 
difficult to clean in the reversed cleaning current. 

For al>rasive purposes, such as for cutting and dressing stone 
and for sandblasting, the quartz grains may be either rounded or 
angular and, of course, not high in impurities. For making sandpaper 
a crushed sand is required. In the manufacture of silicon carbide a 
pure quartz sand is essential, 
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Finely ground sand is used for many purposes, such as a filler 
in paint, in special plasters, as grit for poultry, in tooth pastes 
cosmetics and dental powder, for frosting glass, and in soap and 
polishes. For these purposes a pure material is required, so that 
quartz from quartz veins or from mining operations is used 
instead of detrital sands. 


Distribution, 

In the future, enormous quantities of sand will be essential 
for sandstowing in Bihar coal mines. According to L, J. Barraclough, 
at the Parhelia, Sitalpore and Sodepore collieries on the Raniganj field, 
quantities exceeding 2,000 tons per day are required; for collieries on 
the Jharia field several million tons per year will be needed. It is 
proposed to take most of this sand from the Damodar river where it 
passes through the coalfield, and there has been considerable discussion 
in recent years whether the river is capable of replenishing, during 
the monsoon period, the sand taken from its bed. However, 
vast quantities of sand occur throughout the many miles of river 
bed upstream. Removal of sand from one place will mean a tempor¬ 
ary increase in gradient above the excavation, permitting a more 
rapid movement of sand, so that annual replenishment in the excav¬ 
ated area should be great. Whether this replenishment during 
the monsoon months will keep pace with the annual extraction can¬ 
not be judged by simple experiments on a small scale, nor from calcula¬ 
tions of the carrying capacity of the river current, such as have seen 
attempted. All that can be said is that replenishment will be very 
considerable indeed in normal monsoons, and that the amount 
available for annual extraction can be determined only by actual 
working. 

For glass-making purposes the river sands of Bihar are not sufficiently 
pure, except for the manufacture of inferior qualities such as bottle 
glass. Even for this purpose there are few places along the river 
beds where the quality of the sand would remain consistent after 
successive monsoons. 

For foundry purposes local sands are used. Sands for other 
purposes, such as for the building trade and for filters, are obtained as 
near as possible to the site where they are to be used. There is, 
perhaps, scope for a rather dete^iled exammation of the sands of 
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Bihar to determine their composition and snitaLility for certain 
purposes, and for the eventual establishment of such industries as 
the manufacture of abrasives. 
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CHAPTEK XXXII. 

STEATITE (SOAPSTONE). 

General. 

For many centuries various talcose stone materials have been used 
in Bihar and other parts of India for the manufacture of dishes and 
cooking pots, and for carving into ornaments and images. In 
Singhbhum soapstone utensils were used by the ancients in 
their copper smelting practice. Quite a variety of materials have 
been used most of them being some form of magnesian silicate, such 
as soft chloritic schists and altered igneous rocks, but the majority 
are of an impure form of steatite (soapstone), the fine-grained massive 
variety of the mineral talc. All of these materials have, in the 
past, been included under the designation “ potstones Occas¬ 
ionally quite pure soapstone and talc-schist have been used for 
this purpose. 

The trade in these potstones in Bihar is still carried on although 
considerably diminished. Cooking utensils of potstone are still in 
request by high-caste Hindus, since they can be purified by fire after 
use, and they communicate no unpleasant taste to food. It is 
not possible to obtain details of the exact extent of the trade, the 
recorded quantities in Table 36 represent only a fraction of the industry. 


Table 36.— Production of steatite. 


Year. 

Bihar. 

India. 

Tons. 

Rupees. 

Tons. 

Rupees. 

1929. 

434 [a) 

19,211 

7,217 

2,76,483 

1930 ..... 

261 (a) 

8,086 

6,857 

2,06,086 

1931. 

506 (a) 

11,346 

5,135 

1,21,608 

1932 . 

162 (a) 

760 

6,512 

1,29,490 

1933 . 

1.114 {a) 

10,284 

17,048 

1,82,964 

1934 . 

285 (a) 

1,630 

9,375 

1,70,239 

1935 . 

MB' 11 

17,203 

12,596 

1.91,663 

1936 . 

1.699 

10,241 

9,968 

1,66,983 

1937 . 


5,965 

13,040 

1,56,221 

1938. 

692 

3,986 

18,590 

1,68,680 

1939 .... . 

955 

5,591 

22,259 

2,03,841 


(a) Inohides in Orisss^. 
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Uses* 

Besides their ancient use as a potstone the purer forms of soap¬ 
stone and talc-schist have several more modern applications as a 
polishing medimn and filler. As a refiactorv, talc is commonly used 
in the manufacture of gas burners as well as in small furnaces and 
stoves. Within, recent years steatite bricks have come into increasing 
use where resistance to corrosion, especially by high alkaline slags, 
is necessary, for example in the Wagner alkali smelting furnaces at 
the recovery end of paper mills. In the powder form the mineral 
is widely used as a pulisliing agent for glass and leather and in rice 
milling, also in the manufacture of soap, as a foundry facing, as a 
filler in paint, paper and textiles, as a lubricant, and in the manufacture 
of certain wall plasters. It is sometimes mixed mth china clay for 
pottery, aj)pareiitly to increase the latter's resistance to thermal sliock. 
Slabs are cut into panels for table tops, switchboards and tanks. 

Distribution* 

Although soapstone and talc-schist are widely distributed in 
Ghota Nagpur, the best occurrences are in Manbhum and Singhbhum. 
As long ago as 1881, Ball mentioned twelve villages in Manbhum 
where potstones were quarried, between Maysara (23"^ 01': 86^ 00') 
and Khusbani (22° 48' : 86° 31'). 

In the hill-ranges extending along the whole of the northern 
border of Singhbhum, from the Ranchi border to Midnapore district, 
steatite and talc-schist deposits are consistently found. They vary 
from talc-chlorite-roeks, both massive and schistose, to deposits of 
almost pure fine-grained massive talc-rock. The larger deposits 
occur at the following localities: north of Kuddadih (22° 53': 85° 
48') and south of Bandudih (22° 55': 85° 49'), in Ranchi district; 
Belaipahari (22° 50'; 86° 17') and Digha (22° 39'; 86° 32') in 
Singhbhum (Dhalbhum); Pukhurkata (22° 52': 86° 38') in Man- 

bhum. 

Parallel with the copper belt, extending west to east across Singh¬ 
bhum into southeastern Dhalbhum, there is a series of soapstone and 
talc-schist deposits. Perhaps the best of these is in the lolls north¬ 
west of Bhitar Dari (22° 41': 86° 11') where the tale is accompanied 
by magnesite. At this place some old workings illustrate the ex¬ 
cellent mining ability of the ancient people as compare#! with the 
mining practice of the present^lay village soapstone workers. The 

P 
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ancients exacavated neat round shafts off which galleries were driven 
according to a more or less systematic i)lan, but the present-day 
workers are content with squeezing themselves down into the narrow¬ 
est warrens they can bun'ow. Other soapstone and talc-schist 
deposits along the copper belt occur between Rakha Mines and 
Kendadih (22'^ 35': 86° 25'); at Rakha Mines, a borehole put down 
through the quartz-schist penetrated below for over 100 feet into 
qui1 e good quality soapstone. Further south at Chirutanr (22° 24': 
86° 34'), northeast of Mahespur (22° 23': 86° 30'), Eiejurdari 

(22° 24': 86° 33'), Burudih (22° 22': 86° 31'), Dongadaha (22° 21': 
86° 34') and west of BanmaM (22° 18': 86° 37'), other outcrops of 
talc-rock occur. Just north of the copper belt, at Mahuhsol (22° 28': 
86° 34'), is one of tbe largest deposits of soapstone in Singhbhum. 

Further south from the copper belt there is a group of talc 
deposits in the rocks extending south from Manpur (22° 36': 86° 16'), 
and also in the range of hills on the Dhalbhum-Mayurbhanj border, 
striking northwest from Kundarkocha (22° 27': 86° 16'), especial¬ 
ly near Raghabdih (22° 31': 86° 07') and Kuardih (22° 33': 86° 05'). 

Soapstone is found associated with the rocks of the chromite 
area west of Chaibasa, and quite extensive deposits, associated with 
ultiabasic rocks, have been quarried at Nurda (22° 20'; 86° 44'), 18 
miles south of Chaibasa. 

In Shahabad district a dark blue potstone is said to occur at 
Pittian and other localities along the north face of the Kaimur 
plateau, forming a bed 30 feet thick overlying alum shales. 

In Gaya district a chloritic potstone has been obtained in some small 
hilla lying between the Rajghir and Barabar hills. 

Deposits of steatite are worked in Hazaribagh, to the west of 
Parasnath. Bricks cut from this material have been used in the 
alkali furnaces in paper mills. Similar deposits have been worked 
in the Pandxa Kismat Estate (23^ 48': 86° 43"'), Manbhum. 

Dr. Bey has reported that phyllites north of BudhxaisaH (22° 40'; 
86° 35') in Singhbhum and west of Burijhor (22° 40': 86° 39'), are 
used as potstones and turned on lathes into utensils. 

Mode of occiitteflce. 

The soapstone deposits in the belt extending along the northern 
border of Sbghbhttm have been formed by the altearation of the 
Dalma lavas and nltrabasic igneous rocks, and also of chloritic 
phyllites derived frbtn baric tufe of the Iron-ore Series- 
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The deposits occurring along the copper belt are nearly all altered 
basic igneous rocks, lavas and intrusives, Souie of the laHer 
being ultrabasic. x4 few of the deposits are derived from tuffs. 
The remaining deposits in southern Dhalbhum have all been formed 
by the alteration of basic and ultrabasic rocks. 

The soapstones of the chromite area in the Koihan are the altered 
products of ultrabasic rocks. 

Although the original rocks from which these talc-rocks were 
derived in Singhbhum are of several types, the great majority are 
basic to ultrabasic igneous rocks. The alteration of these to form 
soapstone implies the removal of a great amount of material to leave 
almost pure magnesian silicate. The alteration is presumably 
associated with the solutions given off from the granite which 
intruded the Iron-ore Series. 


Future. 

There has never been any serious attempt to develop any of the 
Singhbhum soapstone for use as a modern refractory, or for grinding 
into powder suitable as a polisher or as a filler for paper and textiles. 
To date, it has been entirely an indigenous industry of merely local 
importance, supplying utensils for local use. 

The soapstone resources of Singhbhum are enormous and widely 
distributed, many of the localities are very accessible to the railway, 
and there are no closer deposits to Calcutta. Details of market 
requirements are lacking, but it should be possible to expand the 
applications of this mineral and to open up a wider market in certain 
instances where kaolin is at present used. In consequence of its 
accessibility, Singhbhum soapstone would be in the position to 
supply aU the requirement of eastern India. 
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CHAPTER XXXIII. 

SULPHUR. 

General. 

Although India is reasonably well endowed with resources of most 
mineral raw materials, one of the most important minerals, sulphur, 
is deficient. Sulphur is required in many industries, and its most 
important uses are in the manufacture of sulphuric acid, cliemicals, 
tin plate, fertilisers, paper, explosives, dyes and coal-tar products, 
rubber, paint and varnish, food products and acid-proof cements. 

Practically the entire Indian requirements of sulphur are im¬ 
ported. Small quantities have been obtained from the dying 
volcano of Barren Island in the Bay of Bengal, and the sulphur 
mine near Samii in Kalat State, Baluchistan, also yielded small 
amounts years ago. Deposits have recently been found on Koh-i- 
Sultan, Baluchistan. Probably, in the future, a process will be 
developed for the extraction of the sulphur content of the g}"psum 
deposits (hydrated calcium sulphate) of northern India. From time 
to time the possibility has been considered of recovering, as a by¬ 
product, part of the sulphur given off in the smelting of sulphide 
ores, and also of mining pjurites deposits for use as a source of 
sulphur. 

Some years ago it was suggested that zinc concentrates from 
Bawdwin mines, Burma, should be treated at Jamshedpur instead 
of being shipped to Europe, and the sulphur recovered as a by¬ 
product in the form of sulphuric acid. This project was never 
carried through. 

The recovery of sulphur from the flue gases at the works of the 
Indian Copper Corporation has been carefully considered by the 
company’s staff, but, under present technique, it would be practic¬ 
able to recover only the gases from the roaster, in the form of 
sulphuric acid and, to be an economic proposition, this would need 
to be used by a chemical industry at Ghatsila. About one-third 
of the ore is roasted, and the sulphur dioxide from this roasted 
porfaon could provide 20 to 30 tons of 100 percent acid per day. 

Sndeavotirs have been made to locate deposits of pyrites in India, 
but, aithou^ smal l occurrences of the xtiineral of purely mineral- 
pgioal inters are common enough, nothing had been found which 
hopes oommermal succees pnti] yeoently. However, likely 
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deposits have been found in Shababad district, and the following 
information is from notes by Mr. J. B. Auden of the Geological 
Survey and the writer. 

Sulphur in Shahabad district. 

Iron pyrites is found at the top of the Bijaigarh shales of the 
Kaimur series, Vindhyan system. These shales occur half vray up 
the scarp slopes of the Kaimur plateau on the left bank of the Son 
river, oast of longitude 84° 00' and south of latitude 24° 50'. 

The pyrite occurs in black carbonaceous shales within about 
30 feet from the base of the Upper Kaimur sandstone. Normally 
the mineral occurs only as small scattered crystals, but locally the 
pyritic content of the shales increases to about 10 percent (5-3 per¬ 
cent sulphur), when the shale has a sub-metallic lustre. Such 
shales are well seen in the Mahadeo nala about miles west of the 
Bauliji quarries of the Son Valley Portland Cement Company. 

In addition definite seams of pyrites are known at tliree 
localities:— 

(a) Am Jor; (h) Kasisya Koh; (c) Yogyaman Koh. 

The seams of the first two localities were known over 130 years 
ago and the efflorescence of iron sulphate (known as leasts) which 
forms on their surface was worked by indigo planters. The local¬ 
ities were mentioned by Martin in 1838. The Am Jor locality 
was recently rediscovered by Babu Madan Lai, of the Kuchwat 
Lime and Stone Co., while J. B. Auden, on the basis of Martin’s 
accoimt, re-found the Kasisya Koh deposit and found the seam at 
Yogyaman Koh. 

Am Jor. The seam of pyrite occurs by a tributary of the Am 
Jor, at a height of 700 feet above sea level, three miles from Banjari on 
the Dehri-Rohtas light Railway, at the position 24° 43' 15": 
83° 58' 45". It occurs 20 feet below the top of the black shales and 
has been exposed for 120 feet along the outcrop and for 116 feet into 
the hill. It varies from 18 inches to 35 inches in thickness, the average 
being perhaps 2 feet. The seam is practically horizontal with perhaps 
a slight inclination west. Some of the overlying shales carry a 
little pyrite with thin seams 3-6 inches thick. Representative 
analyses of samples taken across the seam are given in Table 37 but 
the average grade in mining has been found to be about 35 per¬ 
cent S. 



224 


BUNJSr : BIHAR MINERAL RESOURCES. 


Table Z7—Analyses of pyrites. 


Sulplmr 





IVrccnt. 

45-75 

PoiCOiit 

46-29 

Iron . 





39 72 

41-02 

Copper 





. ml. 

ml. 

Arsenic 





, ml. 

ml. 

Pyntie content 





86*5 

87*0 

Sp. gravity . 



. 


42 

4-6 


The extent of the seam could easily be proved by driving 
galleries to its limits. 

The pyrite is readily susceptible to decomposition. 

Kasisxja Koli, There was formerly a small quarry for pyrites 
in the Kasisya Koh (24° 41': 83° 53'), distant by bullock cart about 
8 miles from Rohtas station. The quarry is now flooded but from 
data given by Martin it is probable that the thickness of the seam 
is 2 feet, and that it occurs about 14-16 feet below the top of the 
Bijaigarh shales which are exposed here for a distance of 71 feet 
along the strike. North and south of the outcrop the shales are 
covered by a heavy overburden of sandstone blocks. 

Yogyaman EoL —^Another exposure of pyrites was found recently 
in the Yogyaman Koh (24° 43': 83° 62'), distant about 10 miles 

from Rohtas railway station. The seam is 3-4 inches in thickness 
and is exposed for 13 feet along the strike, but from oxide at the 
surface its total outcrop is about 80 feet. It is about 2 feet below 
the top of the Bijaigarh shales. The pyxitic content of the seam 
where exposed is about 55 percent. 

Future development. 

It would be unwise to assume that the seams are continuous 
between the three localities mentioned in Shahabad district, as the 
individual seams are obviously lenticular and local. Other seams, 
as yet undiscovered, almost certainly occur. 

It is apparent that the upper part of the Bijaigarh shales should be 
prospected wherever they crop out. Prospecting will be difficult 
on account of the great overburden of fallen blocks of Upper Khimur 
jsandstones which lie upon the Bijaigarh shales. Amongst the 
facet piaees to look for pyrites are along nalap and below waterfalls 
at the foot of the Eaimur seaxp. Indications of the pyrites are 
^ven by a pnrous red dndery oxidation product, but in absence 
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of this there may be a dense growth of white feathery crystals of 
ferrous sulphate. 

Until these shales are thoroughly prospected and opened up it is 
not clear whether sufficient reserves are available on which to found 
an industry in Bihar for the manufacture of sulphuric acid. It can, 
at least, be said that the evidence available warrants further develop¬ 
ment of the Am Jor deposit, providing there is a possibility of a 
market being found for the pyrites. 

Beports of pyrites in Chota Nagpur are common enough, 
in Manbhum and Eanchi districts, but the deposits are too small 
or too low-grade to be workable. 
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CHAPTEE XXXIV. 

VANADIUM. 

General. 

Most of the world’s supply of vauadhiia has come from Minas- 
ragra in Pern, Broken Hill in Northern Rhodesia, and Ahenab and 
Tsumeb mines in Southwest Africa. Small amounts have been 
found in TT.S.A., Turkestan and Australia. Its occurrence in 
minerals in India is now known at two localities, one in Bhandara 
district, 0. P., where it is one of the constituents of a green mica, 
the other in Ringhbhum and adjacent Mavurbhanj where it is assoc¬ 
iated with magnetite and ilmenite. 

The principal use for vanadium is in the metallurgical industry, 
as a toughonor in steel, copper and aluminium, btit it finds a minor 
use as a catalyst in the manufacture of sulphuric acid, in the manu¬ 
facture of aniline black msed in indelible ink, as a photographic 
developer and sensitiser, in medicine, in making paint driers, as 
insecticide, fungicide and fertiliser, in the guilding of pottery, and 
in the glass industry where its efficiency for filtering out ultraviolet 
rays is useful. In vanadium steel only a very small amount of 
vanadium is required, about 0*25 percent, although in high speed 
steels the amount may be increased to l-75-2*3 percent. 

Singhbhum occurrences. 

Veins and segregations of titaniferous iron ores have been found 
in southern Dhalbhum, on Kotwar Pahar (22° 31': 86° 19'), around 
Dublabera (22° 29'; 86° 17') and Lango (22° 30': 86° 18') villages, 
southwest of Kudarsahi (22° 29' : 86° 17') and south of Sindurpur 
(22° 28': 86° 16'). Other deposits occur over the border in Mayur- 
bhanj State, where the largest deposit of all occurs at Kumhardubi 
(22° 17': 86° 19'). 

In Dhalbhum recent developments have shown the veins and lenses 
to be up to 60 feet in thickness and up to 900 feet in length. 
Several of the deposits have recently been opened up by the Dubla¬ 
bera Mining Co. At Kumhardubi in Mayurbhanj over one million 
tons occur at the surface. 

The veins and lenses do not crop out noticeably, but their presence 
is indicated by abundant debris scattered on the surface. They 
oecfttt in gabhro and its ultraBasic variants. 
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The ore consists of a fine mixture mainly of magnetite, ilmenite, 
hematite, and a new mineral named coulsonite which is an iron- 
vanadium oxide. Eutile and goethite also occur occasionally. The 
vanadium oxide (VgOg ) content of the ore varies from 0*50 to 4*84, 
and analyses showing as much as 8 percent have been recorded. 


Future. 

Vanadium-bearing titaniferous iron-ores have not as yet been 
utilised for the commercial extraction of vanadium. The treat¬ 
ment of such ores is likely to develop along either of two lines: 

(a) the direct smelting of the ore to form a ferro-vanadium alloy or 

(b) the extraction of V 2 O 5 and TiO, by a wet process. 

Very recently there have been reports that successfxil processes 
have been developed for the treatment of these ores. If this should 
prove correct then the deposits of Dhalbhum and Mayurbhanj would 
certainly repay further investigation and development. If the steel 
industry in India should embark on the smelting of special alloys 
research work on the use of these ores should well repay the time and 
expense involved. It should be remembered that the world's 
resources of vanadium are not great, the reserves of the largest 
deposit, Minasragra in Peru, are only about 15,000 tons of metallic 
vanadium. It is certain that some time in the future the Indian 
ores will be utilised. 


BlBLIOORAPHy. 
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CHAPTER XXXV. 


MINERAL OCCURRENCES OF LITTLE OR NO ECONOMIC VALUE. 


Aluminium sulphate. 

In 1838 Martin recorded that impure sulphate of alumina (sahjit) 
occurred as an exudation on a cliff face near Hangriyo (1 Hanriya, 
24° 67': 85° 24') in the Rajghir Hills, Gaya district (1, p. 254). 
The material was sold locally as a medicine. Small quantities of 
alum have been obtained in the past from beds of alum shale near 
Rohtasgarh (24° 38': 83° 65') in Shahabad district(2); the alum 
is derived from the pyritic minerals in the shale which, according to 
Martin, is 10 feet thick (1, p. 529). Tbe industry was obviously a 
very small one, and has disappeared. Its resumption would appear 
to be unlikely (1, 2, 3, 4). 

1. Martin, R. M. TLe history, antiquities, topogiaph\ and statistical of British India, 
VoLl, 1838. 

2. iSherwill, TV. S. Xotc on the geological features of Zdlah Bihar. Journ. As* 
Soc, Benijalf XT% p. 58, 1840. 

3. SWwiU, \T. S. Geological notes on Zillah Rhahabad or Arrab. Journ. As. 
Benjal, XVI, p. 284,1847. 

4. Shcr\\jll, W. S. Statistics of the district of Bihar, p. 17, 1847, Calcutta, 


Antimony. 

Deposits of lead-ore(l) at Hisatu (24® 00': 86® 01'), Hazaxibagh 
district, were reported to Lave been worked for autunony about 
the close of the 18th cen.tury(2). Specimens of ore obtained in 
1842(3) were variously recorded to contain 4-7 percent and 
12-2 percent antimony(4, 5). The deposit does not appear to 
have received further attention. As with so many of the lead oc¬ 
currences in Bihar it was presumably a small pocket. 

1. Heatly, S. G. T, Contribution towards a history of the development of tho mineral 
resources of India, Journ, A, 8, B,, XII, p. 554, 1842. 

2. Hunter, W. W. A statistical account of Bengal, XVI, p. 164. London, 1875- 
18T7. 

3. Quaeley, J. R. Letter for'^arding specimens of galena from Hisatu in Chota 
Hagpur. Jtmrn, A* 8, B, XII, 736, 1843. 

4. Piddington, H. Not© on specimens of argentiferous g^dena received from Major 
Ooseley. Jotem. A- S, B* XI, p, 892, 1842. 

6. Piddingtom H. Report on the ore of lead and antimony sent by Liout.-Col* 
from Hisato, Ohota Nagpur. Journ, A. 8, B., XV, Proo. Ixv, 1846. 
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Arsenic. 

Specimens of lollingite, an arsenide of iron, including leucopyxite, 
are occasionallj found in the mica-pegmatities of Hazaribagh dis¬ 
trict (], 2, 3). These are only of mineralogical interest, however, 
and have no economic value. 


P- 


1. Holland, T. H. 
,51. 1002. 

2. Coul&on, A. I. 


The mica deposits of India. .1/e??, Qcol. Su^v. Ind’a, XXXH", 
Lencop3Titc from Kodarma. Bee. OeoL Suu\ India, LXI (2), 


p. 206, 192S. 

3. Coulson, A. L. Lollingite from the Ha/aiil»agli district, Bihar and Oii«^a. Bee. 
(JeoL Sw^\ India, LXI fS), p. 325, 1928. 


BeryL 

Beryl, a silicate of aluminium and beryllium, is the source of the 
metal beryllium which is used for the manufacture of copper-beryl¬ 
lium alloys. The mineral contains 12-13 percent of BeO, and has, in 
the past, been sold in Europe for £10 per ton cA.f .; the alloy has been 
sold in recent years for about £5 per pound of beryllium content, 
the cost of manufacture being very high. Most of the world’s 
production of beryl has come from Rajputana where it occurs in 
pegmatites. Crystals of beryl have been found in the mica pegma¬ 
tites of Bihar, but they are comparatively rare. It is difficult to 
say how much could be made available if collected, most of it is now 
thrown on the dunip heaps, imrecognised, but it is possible that if 
the mica miners were taught to recognise the mineral a few tons 
mityhfc be collected each vear. It is doubtful whether such a small 

O 

quantity would be worth attention. 

Bismuth. 

Two bismuth miuerals, bismuthinite and bismuto phaerite ha\e 
been recorded associated with specimens of barytes from Malthol 
(23° 26': 86° 26') in Manbbum(l). They are of academic interest 
only. Slight traces of bismuth occur in the Singbbhum copper 
ores{2). 

1. Dunn, J. A. Biamuthinito and bismntosphMrite from Manbhnm. Sec. Geol. Svrp. 

j!*Af^*^e*Sneral deposits of Eastern Singhbhum and surroundin'; area.'. 
Mem. Qeol. tiarv. India, LXIX{1). 101 102, 1937. 

ColumMte and taatalite. 

The niobates and tantalates of iron and manganese, columbite 
and tantalite, have been found occasionally in the pegmatities of 
the mica belt. In Gaya district columbite has been recorded ficom 
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Abraki Pahar, near Singar (24° 34': 85° 30'), associated with pitch¬ 
blende, triplite and monazite(l). In Hazaribagh district, speci¬ 
mens of columbite were found in 1897(2), in the Kodarma Eeserved 
Forest. In Monghyr district specimens of colnmbite and tantalite 
containing 37 and 52 percent of TajOg have been obtained from 
Pannoa hill near Jhajha (24° 47': 86° 26') in a coarse pegmatite(l, 3). 

1. Holland, T. IT, Qiiinciuonnial review of the mineral production of India. Rcc. 
Qeol Sun\ India, XUl, p. 284, 1915. 

2. Ol<lbain, It. 1). Notes Irom the Geological tSurvev of India. Rec, GeoJ. Surv. 
India, \XX, p. 129, 1897. 

3. Griesbach, C. L. Annual report ot tl\e Geological Rurvev of India and of the 

Geological Museum, Galciitta, for 1894. 7?ce, Geol. Gina India, XXVTIT, p. 10, 1895. 


Corundum. 

The reported occurrences of corundum in Bihar have proved to 
be merely of mineralogical interest. None have been worked for 
use as an abrasive. 

The first reported occurrence was by Row, in 3844, who men¬ 
tioned that the mineral was found at Tutki Ghat (23° 57': 85° 42') 
to the east of Hazaribagh(l). An occurrence mentioned by Hunter 
in 1875, among the hills to the northeast of Jamui, Monghyr dis¬ 
trict, has never since been confinned(2). Interesting specimens of 
corundum were found by Warth near Salbani (23° 04'; 86° 17'), 

Manbhum, in 1896(3). In this last locality the mineral occurs as 
blue crystals up to |-inch diameter in coarse kyanite which forms 
small veins in mica-schists within a belt some 7 mines in Iength(4). 

Fine corundum(6) is associated with some of the kyanite-rock 
in Singhbhum (see Chapter XXI). Its presence raises the alumina 
content of the kyanite-rock thus increasing the latier*s value as a 
re&actory material. It is, however, nowhere abundant in this 
rock and no corundum segregations have been found which could 
be used as an abrasive. 

1, Bow, J. Geological remarks during tixe march from Benares ma Hazaribagjh, etc., 
to Barrackpoor. Jowtn, A. 8, B., XIII, 804, 1844. 

2. Hunter, W. W. A statistical account of Bengal, Vol. XV, p. 31. (1875^1877). 

a. Warth, H, On the oocurrence of blue corundum and kyanite in the Manbhum 

district, Bengal. Bee, Qeol, Surtu India, XXIX, 50-51, 1896. 

4- Bunn, J. A. The aluminous refractory materials, kyanite, sillimanite and corun¬ 
dum in northern India. Mem, Qeol 8wrv, India, LII (2). pp. 210-242, 1929. 

5, Bunn, J. A. The mineral deposits of Eastern Singhbhum and surrounding areas. 
JUsm. Oed, Bwrv, Indian LXtX (1), p. 233, 1937. 
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Fuller’s earth. 

Fullor’s eaxth was reported by Ball(l), in 1877, to occur in assoc¬ 
iation with, the pottery clays of Patharghatta hill (25° 20': 87° 17'), 
Bhagalpur district. He mentioned that it Ls knowm locally as 
sahun-mitti (soap earth), and was sold in the Calcutta bazars as 
Rajmalial mitti. 

Fox(2) has reported that some of the clays associated with 
bauxite deposits in Ranchi district, as on Bagru (Dudmatia) 
Pat (23° 29': 84° 36'), have some of the properties of fuller’s earth. 

1. Ball, V. Geology ot the Rajmahal Hill's. Mem, (JloL tjur^. Ind., XllI, p. 210, 
lvS77. 

2. Fox, C. S. Tho bauxite and aluiiiiiioub latcrite occiirreiiccb of India. Mem. Geol. 
San, Ind'^% XLIX (1), p. 170, 1923. 

Gemstones. 

Agcde, atnethyst, e/c.--Although varieties of agate, chalcedony, 
amethyst, and rock crystal may be found in the amygdaloidal basalt 
of the Rajmahal hills, there is no local industry for cutting and 
polishing these stones. Sherwill(l), in 1854, mentioned a bed of 
agate nodules extending for one mile from east to west, tw"o miles 
to the north of Berhait (24° 53': 87° 37'). He also mentions geodes 
of quartz lined with amethyst crystals in a bed of chalcedony two 
miles to the west of the same village. 

Apatite .—Beautiful clear green crystals of apatite have been 
found in a barytes vein near Malthol village, Manbhum. In the 
specimens submitted to the Geological Survey they were rather too 
small for cutting as gems, however. 

Beryl, —Large greenish crystals of beryl, up to 3 ft. in length, 
have been found in the pegmatites of the mica belt. In very rare 
instances these are clear enough to be cut as cheap gemstones. 
Mallet(2) recorded the occurrence of small crystals in a pegmatite 
crossing the Tendwaha nadi south of Muhawar hill (24° 43': ^° 46'). 

(orundw/L—Crystals of blue corundum occur in kyanite veins 
near Salbani, Manbhum, but are not sufficiently clear to be classed 
as sapphire. 

Diamonds, —Ball(3, 6) identified the village of Simah (23° 35': 
84° 17'), in Palamau, with the tillage of Soumelpoux of Tavernier(4) 
who stated that towards the end of the dry season about 8,000 per¬ 
sons were employed in washing the sands of the Koel river for dia¬ 
monds. Likely places in the bed of the river were surrounded by 
a temporary dam, and the sand and gravel when dry was excavated 
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to a depth of not more than 2 feet, and carried to a shallow tank on 
the bank where it was thoroughly washed, and the gravel then 
spread out and searched for gems. Large stones were rarely found. 

Blochman quotes a passage from the Teeznh-i-Jahmgin, which 
is believed to refer to a forgotten diamond field lying near the source 
of the Sunk (Sankh) river, to the south of the Keel watershed. Al¬ 
though diamonds of considerable value were said to have come from 
here, Hewitt, in 1887, remarked that none had been found for many 
years(5). 

Garnets, —Along some of the streams traversing the mica-schists 
of northeast Dhalbhum, garnets occur, and until recently they were 
collected by the villagers near Malibani (22° 33': 86° 42') for use 

apparently as an abrasive. Garnets may be often found in Hazari- 
bagh, and they are quite abundant in some of the mica pegmatites. 
None of these are of the gem variety, however, and their use as an 
abrasive would not appear to be likely. 

Jasper, —Quite attractive specimens of jasper may be occasional¬ 
ly found associated with the lavas and tuffs of the Iron-ore Series 
of South Singhbhum, in the vicinity of the iron-ore mines. Both 
green and red varieties occur. 

Kyanite ,—^None of the pale blue kyanite of Singhbhum and 
Manbhum(7) is of sufficiently good colour or clearness to be used as 
a gemstone. 

Rock crystal ,—^Rock crystals have been found in the Rajmahal 
traps, in vein quartz near Chaibasa, Singhbhum, and in geodes in 
the mica pegmatites. 

Rose quartz .—^Beautifully tinted rose quartz is often found in 
the pegmatites of the mica belt, particularly in the mines to the 
northeast of Parsabad railway station. 

Tourmaline ,—Although tourmaline is very abundant in the peg¬ 
matites of the mica belt it is only very rarely that a clear crystal 
approaching gem variety is found, 

1. SKcnvill, W* S. Geological and statistical report of the district of BtaugaJpoor, 
p. 48, 1854. 

2. Mallet, E. R. Geological notes on pait of Northern Ha/aribagh. Eec, Geol, 
Svrp. India, VII, p. 43, 1874. 

3. Ball, V. Travels in India of Jean Baptiste Tavernier Baron of Anbonne. VoL 
II, p. 81,1889. 

4. Tavernier, J. B. Collections of teavels through Turkey, etc., Vol. 1, pt. 2, p. 
139, 1684. 


5. HeVfitt, J. F. Chota Nagpore : its people and resonrees. is. Quart, Mev.^ HI, 
p. 418,1887. 

8. Ball, V. geology of India, (Diamonds), p. 24-37, 1881. 

7. Hi&t. P, B ISinerabgy, p. 13,1887. 
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Molybdenite. 

Flakes of molybdenito have been occasionally noted in the ineta- 
morpliic rocks of Cliota Nagpur, and in quartz veins. In Hazari- 
bagb, rare flakes of ike mineral up to an inch across have been found 
associated 'with the zinc-lead-copper-ores of Mahabank on the Patru 
river, in a matrix of coccohte and garnet. Some rare scales have 
been seen at the Baragunda copper mine, associated with copper 
and iron pyrites and sphalerite, in chloritic and micaceous schists. 
Flakes of the mineral have also been recorded from Umri (? Amra), 
near Dumri on the Damunia river. It is said to occur in met amorphic 
rocks in Manbhum. Dunn(l) detected a mineral resembling molyb¬ 
denite whilst microscopically examining the copper-ores from Eakha 
Mines and Mushabani, Singhbhum. These occurrences arc only 
of mineralogical interest and none are of economic value. 

1. Dunn, J. A. The mineral defoaits of Eastern Smghbhum and surrounding areas. 

Qeol. Sun. India, LXTX (J), pp. 42-4.3, 1337. 

Monazite. 

A considerable number of excellent crystals of monazite, a phos¬ 
phate of the cerium metals, was found associated with pitchblende 
and columbite in the mica pegmatite at Abraki Pahar and near Pich- 
hli, in Gaya district. A specimen assayed 9*95 percent Th02(l)- 
Near Kanyaluka (22"^ 29': 86° 31') in Dhalbhum, a mineral inter¬ 
mediate between monazite and xenotime, yttrium phosphate, was 
foimd associated with apatite. The specimen assayed 6*92 per¬ 
cent Th0a(2). Both occurrences are, of course, only of mineral- 
ogical interest. 

1 Tipper, G. H. On pitchblende, mona/ite and other minerals from Pichhli, Gaya 
dibtrict, Bihar and Onssa. Bee. GeoL tSuri\ India^ L, pp. 1919. 

® Tipper, G, H. On a mineral related to senotime from the Manbhum* district, 
Bihar and Onssa Piovince. Bbc. Geoi. Surv* Indiei, LI, pp, 19^. 

(♦Should bo Singhbhum.) 

Piatioum. 

Whilst panning for gold along the Gunna nadi near Dhadka 
(22° 48': 86° 30') in Manhhnm, some years ago, Mr. E. O. Murray 
found silvery grains of platinum, the identification of which was 
later confirmed in the Geological Survey laboratory. The presence 
of the mineral along this stream was not confirmed by a more recent 
survey, and it appears that the grains found by Mr. Murray were 
entirely fortuitous. 

Dnnn. J. A. The mineral deposits of Eastern Smghbhum and surroundu^ areas. 
Mem, Qeol. Surv. Indict LXIX (1), p 232, 1937. 
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Quartz crystals. 

In consequence of the piezo-clectric properties of certain quartz 
crystals, thin slices cut along definite directions in the crystals act 
as oscillators and resonate to alternating currents of particular fre¬ 
quencies, depending upon the thickness of the quartz slices. A 
number of such thin slices, of varying thickness, may therefore he 
used to separate currents of different frequencies sent simultaneously 
over the one transmission line. They find a considerable use, 
accordingly, wherever electrical oscillators arc required, as in mul¬ 
tiple telephony and telegraphy. They are also used lor the control 
of frequency, in radio transmission. 

The crystals required must be untwiiincd and have well-developed 
crystal faces; they should be at least 4| inches long, and 2 inches in 
diameter, and be clear in transparency and free from flaws. Suit¬ 
ability can be determined only after expert examination. 

No suitable crystals have as yet been obtained in Bihar, but there 
is always the possibility of crystals being found in such places as 
Singhbhum, on the mica belt, and associated with the traps of the 
Rajmahal hills. 

lin=ore (cassiterite). 

The tin oxide, cassiterite, has been found in several places in 
Hazaribagh district. Within the mica belt crystals of the mineral 
have boon found southwest of Khra (24° 39': 85° 49'), at Simra- 

.tanri (24° 39': 85° 47') and at Chappatand (245° 40': 86° 57'). 

Near Pihra the cassiterite occurs as small grains in a dyke of lepidolite 
granite. At Simratanri a few crystals pf cassiterite were found by 
Mallet(l) in a lens of granite intruded into mica-schist. The Chap¬ 
patand occurrence was brought to the notice of the Geological Survey 
by Mr. C. Jambon, and the material was described by ]?ermor(2); 
it consists of a cassiterite-granulite in which the cassiterite forms 
one-third to one-half of the rock, the other minerals being magnetite, 
quartz, felspar, a little hornblende, and biotite. None of these 
occurrences appear to be of more than mineralogical interest. 

Another occurrence at Purgo (24° 10': 86° 08'), in Palganj 

estate near Parasnath, was noted as long ago as 1849 by Me, CleUand(3) 
when it was being smelted in village iron furnaces. According 
to Permor(4) a thin layer of cassiterite granulite, up to 6 inches 
thi^k mi containing 30-60 percent of cassiterite, occurs in a much 
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thicker band of microcKne-granite which also contains scattered 
grains of cassiterite, especially close to the cassiterite-granulite. iin 
unsuccessful attempt by European enterprise wa 3 made to work 
the deposit in 1867, and again in 1891-92 more serious ruining was 
undertaken. According to 0ates(5) an inclined shaft was sunk on 
the ore-band to a depth of 568 feet down the dip (about 25^ to the 
E 10° K) where the ore-body cut out, although the incline wao 
sunk further to 614 ft. The ore-band ranged in thickness from 
18 inches to 6 inches. One sample from a full section across a 
level (15 inches of ore-band and the remainder wall-rock containing 
disseminated cassiterite) yielded 1-87 percent metal. Other 
samples assayed 2*1 to 6*2 percent metal. The mine was eventually 
abandoned through lack of j&inds. The deposit was again examined 
in 1909-10 and the surface portion was worked with the production of 
3 cwt. of tin during each of the years 1909-10; a further 0*1 cwt. in 
1914, and 0*7 ton in 1915 were extracted in native iron furnaces. 

From the above information it is difficult to assess the pros¬ 
pects of reopening the mine. But it is evident that if it were 
reopened only a very short life could be expected. 

1. MaUet, F. R. Geological notcb on part of Northern Hazanbagh. Bcr, Oeol, 
8urv, India, VII, pp. 3^0, 43, 1874. 

2. Fermor, L. L. Cassiterite granulite from the Hazaribagh district, Bengal. Bee, 
GecL 8urv, India, XXXIH, pp. 235-236. 1906. 

3. Mo. Clelland, J. Report of the Geological Survey of India for the season 1848-49, 
pp. 19-20, 1850. 

4. H. H. Hayden. General report of the Geological Survey of India for 1911, B^c, 
Geol. Surv. India, XLII, p. 79, 1912. 

5. Oates, R. The copper and tin deposits of Chota Xagporc, Bengal, India. Tram, 
Fed, Inst, Min. Fng., IX, pp. 445-451, 189.5. 


Titanium. 

The greater part of the world’s supply of titanium comes &om 
the Travancore coast in South India, where, in recent years, the 
output of ilmenite sands, from which titanium oxide is extracted, 
has risen to over 200,000 tons per annum. The entire amount is 
exported for treatment overseas. In Bihar small occurrences have 
been reported but it is doubtful whether any of them are of econ¬ 
omic value. In this province titanium is represented by two minerals, 
rutile, an oxide of titanium, and ilmenite, an oxide of iron and 
titanium. 

Titanium oxide finds a wide use in brush and spray lacquers; 
it is a most valuable filler and pigment because of its covering 

Q 



236 


DUNN : BIHAE MINEEAL EESOUECES. 


power, perfect whiteness and almost complete inertness. It is 
also used as a pigment in the plastic industry, in bakelite and similar 
synthetic phenol and cresol products, and in celluloid or pyroxylin 
plastics. The oxide is also used as a pigment in the manufacture 
of linoleum, coated textiles, rubber, wall-papers, printing ink, glass, 
ceramic glazes and enamel-ware. Titanium in chrome-nickel steel 
reduces intergranular corrosion. The tetrachloride is used for smoke 
screens, and the bichloride and sulphate in the dye industry. 

Ilmenite, in Bihar, forms one of the constituents of the vanadium¬ 
bearing titaniferous iron-ores of southern Dhalbhum, described in 
Chapter XXXIV. These ores contain from 10 percent to 25 per¬ 
cent of Ti 02 , which is low-grade compared with the ilmenite sands of 
Travancore. 

Massive ilmenite has been recorded from the foot of the hills to 
the W. X. W. of Manbazar (22° 04': 86° 40') and in quartz veins 
near Supur (23° 01': 86° 52') in Manbhum. Specimens of 
ilmenite are sometimes found in the pegmatites of the mica belt; 
loose ilmenite crystals scattered from weathered pegmatites are found 
around Bara Chuan (24° 34': 85° 32') in Gaya district. 

Entile has been found as scattered crystals close to the kyanite 
deposits near Salbani (23° 04': 86° 17') in Manbhum, and near 

the Kharsawan-Singhbhum deposits, particularly at Lapsa Buru. 
These are merely of mineralogical interest, however. 

At present the titanium minerals of Bihar have no economic 
value. If, however, the treatment of the vanadium-ores of south 
Dhalbjium should ever become a commercial proposition, then the 
extraction also of the TiOg from these low-grade ores may be possible. 
Similarly, it may prove possible to extract also the high TiOg content 
of some of the Bihar bauxites during their treatment for alumina. 

1. Bali, V. Geology of tlie districts of Manbhum and Singhbhum. Mem* Geol 
Siirv* India^ XVIII, p. 107,1881. 

2. Ball, V. Manual of the economic geology of India, Part HI, p. 323, 1881. 

3. Dunn, J. A. and Dey, A. K, Vajmdium-bearing titaniferous iron-ores in Singh¬ 
bhum and Mawirbhanj, India. Trans, Min. Geol. Inst. India^ XXXI (3), 1937. 

4. Dunn, J. A, The mineral deposits of Eastern Singhbhum and surrounding areas. 
Mem. Ged. Bwtfi, India, LXIX (1), p. 214-223, 1937. 

Topaz. 

Tbe mineral topaz lias been found associated with, kyanite-rook 
in Sioghbhiw* It appeals to have no deleterious effect on the 
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usefulness of kyanite as, at the high temperature at which the latter 
is calcined, the fluorine content of the topaz is driven off. It is 
possible that topaz may be useful to the glass industry for the manu¬ 
facture of special glasses. 

Perhaps the best deposit of topaz-rock is to the southeast of 
Lapsa Buru in Kharsawan State, but in Singhbhiun topaz-rock has 
been mined at Ghagidih (22° 45': 86° IT). 

1. Bunn, J. A. The aluminous refractory materials ; kyanite sillimanite and corun¬ 
dum in northern India. Menu GeoL Sure. India, LII (2), pp. 215^242, 1929. 

2. Bunn, J. A. The mineral deposits of Eastern Singhbhum and auiroundinsr areas. 
3Iem. Geol. Surv. India, LXIX (1), pp. 38, 232-33, 1937. 

Triplite. 

The phosphate and fluoride of manganese and iron, triplite, 
which contains 32 percent of phosphoric acid, has been recorded 
from two mica mines in Gaya district. At the Abraki Pahar mine, 
two miles southeast of Singar (24° 34': 85° 30'), it was found assoc¬ 
iated with pitchblende, and 10 tons were extracted in 1914. The 
other occurrence was Pichhli (24° 36': 85° 27^ 3 miles northeast 
of Singar. Both of these occurrences were entirely fortuitous and 
should not be regarded as having any future economic importance. 

1. Holland, T. H. The mica deposits of India. Mem. Geol. Sun\ India, XXIV, 
p. 51, 1002. 

2. Tipper, G. H. On pitchblende, monazite and other minerals from Pichhli, Gaya 
district, Bihar and Orissa. Rec. GeoL Sum. India, L, pp. 255-262, 1919. 

Uranium minerals. 

At the Abraki Pahar mica mine near Singar, in Gaya district, pitch" 
blende was found at various times early this century. It was 
associated with triplite and yellow uranium ochre, the latter presum¬ 
ably being due to alteration of the pitchblende. According to 
Burton, the mineral occurred as nodules in a pegmatite which was 
40 yards wide and 350 yards in length(l), but most of the pitch¬ 
blende was obtained from a single pit. The largest nodule weighed 
36 lbs. About 6 cwt. had been found up to 1913, and a further 
16 lbs. in 1914. Rare torbemite and autunite also oceurred(2;. 

Specimens of the copper uranium phosphate, torbemite, have been 
recorded &om Sungri (22° 27': 86° 33') in Dhalbhum along with 

a little uranium ochre(3). 

1. Hayden, H. H. General report of the Geolc^cal Survey of India for the year 

3913. Rec.Ged. Surv. India, 24, l^li. ^ 

2. Tipper, G. H. On pitchblende, monazite and other mmeraU from Pichhb, Gaya 
district .Bihar and Orissa. Rec. Geol. Snrv. India, L, pp. 255-262, 1919. 

3. Bunn, J. A. The mineral dep^islts of Eabtem Singhbhum and surrounding areas* 
Menu Ged. Sum India. LXIX f Ji. }u 39,1937. 

Q 3 
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Wolfram. 

Between 1916-1918 a small vein of wolfram was mined on the 
northern side of a small hill close to Tatanagar railway station. 
The vein occurred between quartzite and mica-schists, dipping 40° 
to N 35° E. It was mined to a depth of 100 feet, from an inclined 
shaft. The vein never exceeded 6 inches in thickness and was 
often only a fraction of an inch; it still persisted at the bottom of 
the workings, although very narrow. A total of 30-6 tons of wol¬ 
fram was obtained. 

It would not be advisable to reopen this vein in the future. The 
mine was never payable and only such a time of war stress could 
have prompted the venture. 

1. H. H. Hayden. General report for 1918. Rec. Oeol. 8urv, India, L, p. 20, 1919. 

2. L. L. Fermor. The mineral resources of Bihar and Orissa. Rec. QeoL Surv, 
India, LIH, p. 305, 1921. 

3. tT. A. Dunn. The mineral deposits of Eastern Singhbhum and surrounding areas. 
Mem, Oeol, Surv. India, LXIX (1), p. 137, 1937. 


Zinc. 

The only occurrences of zinc in Bihar are the small quantities 
associated with the lead-copper-ores of Bhairukhi in Santal Parganas, 
and with the copper-ores of Baragimda and of Patru nadi in Hazari- 
bagh district. There are no deposits of economic value* 



LOCALITY AND MINERAL INDEX. 
BHAGALPUR DISTRICT. 


Minerals; Building materials, clays (kaolin), lead and silver, 
mica, sand, fuller’s earth. 


Mineral. 

Place. 

Latitude. 

Longitude, 

Page. 



0 / 

o / 


Chromite 

Baida Chauk. 

24 46 

87 02 

97. 

(^lay (kaolin) , 

Colgoi^ 

25 16 

87 14 

104. 


Kasdeh 

26 18 

87 17 

104. 


Letwabaran . 

24 39 

86 61 

104. 


Patharghatta hill . 

26 20 

87 16 

103, 104. 


Samukhi 

24 57 

86 52 

104. 

Glass sand 

Patharghatta hill . 

25 20 

87 16 

134. 

Lead and silver 

Budhijarna . 

24 63 

86 45 

162. 


Phaga . . . . I 

24 46 

86 56 

162. 


Gonora 

? 

? 

162. 


Kajuria 

24 42 

86 44 

162. 


EJiarikhar * 

24 60 

86 45 

162. 


Karda 

24 41 

86 43 

162. 

Occurrences of little 





or no importance— 





fulkr^a earth . 

Patharghatta hill . 

26 20 

87 17 

1 

231. 










LOCALITY AND MINEEAL INDEX. 


CHAMPAEAN DISTRICT. 
Minerals: Saltpetre, sodium salts. 



tOCALITY AUD MlNElRAL INDEX. 


DAEBHANGA DISTRICT. 
Minerals Saltpetre, sodium salts. 



IV 


LOCALITY AND MINERAL INDEX, 


GAYA DISTRICT. 

Minerals . Alkali salts (saltpetre, sodium salts), barytes, buil¬ 
ding materials, cday (kaolin), mica, mineral pigments, mineral waters, 
sand, sulphate (ammonium), columbite and tantalite, monazite, 
quartz crystals, triplite, uranium minerals. 


Mineral. 

Place. 

Latitude. 

Longitude. 

Page. 

Barytes . 

Bramjan hill 

o t 

24 46 

O / 

84 69 

80. 

Clay (kaolin) . 

Kauakol 

24 61 

85 53 

104. 

Mineral pigments 

Gaya (W. of) 

24 47 

85 00 

194. 

Mineral waters 

Agni Khnnd 

26 00 

86 30 

199, 200, 


Tapoban— 

Brahma Khund . 

24 56 

85 19 

201, 202. 

198, 200, 

Potstone 

Bajghir hills 

. . 

j 

202. 

220. 


Barabar hills 

•• 

.4 

20. 

Occurrences of little 
or no importance— 

ammonium sulphate . 

Hanriya . 

24 67 

85 24 

228, 

columbite and tantalite 

Singar (Abraki Pahar) . 

24 34 

86 30 

229. 

monazite 

Abraki Pahar 

24 34 

86 30 

230, 233. 


Piohhli , 

24 36 

86 27 

233. 

titanium . 

Bara Ohuan . 

24 34 

86 32 

236. 

triplite • 

Abraki Pahar 

24 34 

85 30 

237. 


Piohhli 

24 36 

86 27 

233. 

uranium 

Abraki Pahar 

24 34 

85 30 

237. 








tOOAtllY ANl) MtNEftAL tMBEX. 


V 


HAZAEIBAGH DISTEICT. 

Minerals: Abrasives (garnet, quartz), building materials, clay 
(fireclay), coal, copper, glass sands, iron-ore, lead and sHvei, limestone, 
mica, mineral waters, sand, steatite, antimony, arsenic, beryl, colum- 
bite, corundum, rose quartz, molybdenite, quartz crystals, tin-ore. 


Latitude. Longitude. Page. 


Clay (fireclay) 


Coal 


Copper . 


Glass sands 


Emlo . 

Bokaro coalfield 
Bokaro 

Chandrapura Ely. 
tion . 

Ohope coalfield 
Chope . 

Giridih coalfield 


Itkhori coalfield • 
Itkuri , 

North Karanpura 
field 

South Karanpura 
field 

Ramgarh coalfield 


Baragunda • 


Golgo . 


Bokaro coalfield . 


86 00 104. 


112 , 

119, 

86 68 116. 


86 07 112. 


86 14 117. 

112 , 

119, 

86 18 118. 


$5 10 118. 


$6 04 128, 

130. 

86 22 129. 


Iton-oie • 


Bokaro coalfield . 
Karanpura coalfield 
Bamgarh coalfield 


148. 

148. 

148. 









VI 


LOCALITY?' AWD mineral lNI)B3t, 


HAZARIBAGH DISTRICT— 


Mineral. 

Place 


■ 



Page. 





0 

/ 

0 

/ 


Lead and silver 

Baraganda . 



24 

05 

86 

04 

162. 


Baramasia . 



24 

20 

86 

16 

162. 


Golgo . 



24 

24 

86 

22 

162. 


Hisatu 



24 

00 

85 

01 

161. 


Khasmi 



? 


? 


162. 


Nawadih 



24 

29 

86 

22 

162. 


Nyatand 



24 

30 

85 

43 

162. 


Parasiya 



24 

10 

85 

48 

162. 

Limestone 

Bachra 



23 

42 

85 

05 

168. 


Basaria 



23 

40 

85 

23 

167. 


Bhurkiinda , 



23 

38 

85 

22 

168. 


Bundu 



23 

40 

85 

24 

167. 


Hosir . 



23 

42 

85 

07 

168. 


Kurkuta 



23 

43 

85 

21 

168. 


Knrsa . 



23 

38 

85 

21 

168. 


Lapanga 



23 

38 

85 

23 

168. 


Religara 



23 

43 

85 

22 

168. 

Mica 

Dihengura 



23 

57 

85 

20 

183. 


Gawan. • 



24 

37 

85 

55 

183. 


Kodarma 

Beservod 







Forest 

• 

* 

• 


• 


183. 


Paisabad • 

• 

• 

24 

19 

85 

45 

183. 

Mineral waters 

Duari « 



24 

08 

85 

09 

199, 201— 






1 



203. 


LJidra Jnrba 

• 

• 

23 

50 

85 

27 

199. 20Qi 


i^atkamsari «. 

• 

• 

24 

07 

i 

85 

12 

199. 








locality and kiNEEAL INDEX. 

HAZAEIBAGH DISTBICT-concM. 


vu 


Mineral. Place. Latitude. Longitude. Page. 

0 / Of 

Mineral waters—ICa^va Gandhawani . 23 44 86 23 199_203. 

Kesodih . . . 24 12 86 02 199. 

Lachman Khund . 24 09 85 38 202. 

Sita Khund . . . 24 09 85 38 202, 

SurajKhund . • 24 09 85 38 199, 201- 

203, 

Steatite . . . Parasnath (W. of) . 23 68 86 08 220. 

Deposits of little or 
no importance— 

urdimony . . Hisatu. . . . 24 00 85 01 228, 

columhite . . Kodarma Reserved 

Forest ... .. ,. 230. 

cormidum . . Tutki Ghat . . 23 67 85 42 230. 

beryl . . . Muhawar Hill (S. of) . 24 43 85 46 231. 

roie quarts , • Parsabad . . , 24 19 85 45 92, 232. 

molybdenite . . Baragunda . • , 24 05 86 03 233. 

1 Ainra (near Dumri) . 23 59 86 69 233. 

Mababank . . . 24 24 66 23 233. 

tin-^ore . , . Chappatand . . 24 40 85 57 234. 

Pihra . . . . 24 39 85 49 234. 

Purgo . . . . 24 10 86 08 234. 

j^mratanri . . . 24 39 85 47 234. 

zinc , ‘ . Baragunda . . . 24 05 86 04 238. 

Golgo . - . . 24 24 86 22 238. 






viii LOCALITY AND MINEBAL INDEX. 

MANBHUM DISTRICT. 

Minerals ; Abrasives (chert), asbestos, barytes, building materials, 
clays (fireclay and china clay), coal, copper, glass sands, gold, 
iron-ore, kyanite, lead and silver, limestone, manganese, mica, 
mineral pigments, mineral waters, sand, steatite, apatite, bismuth, 
corundum, titanium. 


Mineral. 

Place. 

Latitude. 

Longitude 

Page. 

Abrasive (chert) 

Ohandil 

0 / 

22 67 

0 / 

86 04 

68. 

Asbestos 

Mahulbasa . 

22 61 

86 19 

78. 

Barytes . 

Malthol 

23 26 

86 26 

80. 


Purulia 

23 20 

86 22 

80. 

Building stones 

Jate . 

22 55 

86 16 

91. 

(epidosite) 



86 60 


Sekradih 

22 64 

91. 

days— 





fireclay 

Birsinghpnr , 

23 47 

86 44 

106, 


Brindabanpur 

23 34 

86 46 

106, 


Chandkuiya. 

23 46 

86 28 

105, 


Ohhatabar , 

23 46 

86 44 

106. 


Chirkunda , 

23 44 

86 48 

106, 


Jharia station 


« * 

102, 


Kapasara 

23 46 

86 46 

106. 


Ketharidih « 

23 44 

86 28 

106. 


Knmardhubi 

23 46 

86 47 

101, 106. 


Mafcnnda 

23 44 

86 28 

106. 


Marmah . . • 

23 46 

86 45 

106. 


Mera .... 

23 46 

86 48 

106. 

> 

. JUtugma . 

23 46 

86 46 

106. 









LOCALITY AND MINISEAL INDEX, 


IX 


MANBHUM DISTEICT—coMJd. 


IVIineraL 

Place. 

Latitude. 

Longitude. 

Page. 

Cla 3 r 8 — contd. 



0 

t 

o 

' 


preday —oontd. 

Palasia 


23 

44 

86 

45 

105. 


Parbad 


23 

42 

86 

27 

105. 


Pathardib Station 


23 

40 

86 

26 

102. 


Patlabari 


23 

43 

86 

45 

101. 


Rajpura 


23 

46 

86 

46 

105. 


Sangamabal 


23 

45 

86 

44 

105. 


Sulunga 


23 

43 

86 

28 

105. 


Tetulmari Rly, Station 


23 

49 

86 

20 

105. 

dwm clay 

Balrampur . 


22 

69 

86 

38 

105. 


Bandudih . 


23 

59 

86 

33 

105. 


Katras. 


23 

48 

86 

21 

106. 


Rajabasa 


22 

49 

86 

29 

105. 


Taldih 


23 

24 

85 

56 

106- 


Tamakhun . 


22 

69 

86 

36 

106. 


Ttindi . 


23 

69 

86 

27 

105. 

Coal . . . 

Ghandrapnra coalfield 

* i 

• 

. 

. 

. 

112, 116. 


Jharia coalfield 


• 

i 

• 

• 

112, 114, 

115, 119, 
120. 


Raniganj coalfield 


• 


• 

• 

112, 113, 

119, 120. 

Cupper • * * 

Kalyanpnr • 


23 

02 

86 

02 

129. 


Kantagora « 


22 

58 

86 

42 

129. 


Pnnda 


22 

69 

86 

40 

129. 


Tamakhun . 


22 

59 

86 

36 

129. 
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LOCALITY AND MINEEAL INDEX, 


MANBHUM DISTEICT—cowfe?. 


Mineral. 

Place. 

Latitude. 

Longitude. 

Pago. 






o 

/ 

o 

/ 


Gk>ld 

Bunidih 


. 

• 

23 

02 

85 

61 

138. 


Ichadih 

• 

• 


23 

02 

85 

57 

138, 139, 

140. 


Lawa . 

• 

• 


23 

01 

86 

05 

138, 139. 


Subamarckha river 


• 

- 

• 

• 

137, 138. 

Ii on-ore . 

Asanpam 

. 



22 

46 

86 

27 

147. 


Beharmath 

• 



23 

35 

86 

57 

148. 


fTbana coalfield 



* 

- 

. 

• 

148. 


Ramganj coalfield 



* 

• 

• 

• 

148. 


Tamakbun 




22 

59 

86 

35 

147. 


Telndib 




23 

34 

86 

57 

148. 

Tifcaniferous iron-or^. 

Manbazar 




23 

03 

86 

43 

148. 

Kyanite . 

Icbadih 




23 

04 

86 

10 

157. 


Salbani 

» 




23 

04 

86 

17 

157. 

i 

Load and ««ilver 

Bcldi . 




23 

03 

86 

18 

160, 161. 


Bliadka 




22 

48 

86 

30 

161. 


Ghagra 




22 

49 

86 

34 

161. 


Janijhor 




22 

48 

86 

32 

161. 


ICnshbani 




22 

48 

. 86 

34 

161. 


Jfalthol 




23 

26 

86 

26 

161. 


lifarma 




22 

47 

86 

35 

161. 


Panra or Parada 



22 

49 

86 

35 

161. 

Limestone < * 

Asta « 


• 

. 

22 

38 

86 

40 

166. 

* 

I 

"Baghmara 


• 

• 

23 

39 

86 

45 

172. 










LOCALITY AND MINEEAL INDEX, 


XI 


MANBHUM DISTRICT—eowftZ. 


Mmeial. 

Place. 

Ijatitnde. 

Longitude 

Page. 





o 

/ 

o 

r 


Limestone-— 

Gobmdpur . 

• 

- 

22 

58 

86 

39 

167. 


Hau&apatliar 



23 

38 

86 

40 

166. 


Kantagora . 



22 

58 

86 

42 

167. 


Kukru 



22 

51 

86 

23 

167. 


Kultanr 



22 

59 

86 

34 

167. 


Knmaii 



22 

58 

86 

38 

167, 


Mirgichanda 



22 

58 

86 

41 

167, 


Tamakhun . 



22 

59 

86 

36 

167. 

Manganese 

Paharpur 



22 

58 

86 

15 

176, 177. 

Mica 

Bhui^a 



23 

49 

86 

40 

183, 


Chirudih 



23 

43 

86 

37 

183. 


Clntra . 



23 

32 

86 

26 

183. 


Churku 



22 

49 

86 

36 

183, 


Ghatbera 



23 

11 

86 

13 

183. 


Jabar . 



23 

27 

86 

01 

183. 


Jashpur 



22 

48 

88 

36 

183. 


Jhairbaid 



22 

50 

86 

36 

183, 


ICanki . 



23 

35 

86 

29 

183. 

t 

)SIaramo 



23 

28 

86 

03 

183. 


^arlong 



23 

27 

86 

01 

183. 

1 

Jlangwiih 



23 

01 

85 

53 

183, 


Bxmni . 



23 

27 

86 

00 

183. 


Bonkupi 


* 

21 

08 

86 

04 

183. 


Taherbera . 


# 

23 

28 

86 

02 

183. 


XJima 

- 

• 

23 

43 

86 

42 

183. 









Xii LOCALITY AND MINERAL INDEX. 


MANBHUM mSmiCI—crndd. 


Mineral. 

Place. 

Latitude. 

Longitude. 

Page, 

Minoral pigments 

Chandil (W. & S. E. of) 

o / 

22 57 

o / 

86 04 

1 194. 


Gangokocha 

I 22 64 

86 59 

195. 


Bajabasa 

22 49 

86 24 

194. 

Mineral waters 

Shcopnr or Sarsa Khund 

23 40 

• 86 35 

200. 


Tathi .... 

23 41 

86 48 

200 . 

Refractory materials— 

fireclay 

grayhite 

see under Olays. 

Dimadiha . . » 

i 

23 29 1 

86 09 

210. 

steatite 

Steatite . 

see under Steatite. 

Maysara 

23 04 

86 00 

219. 


Khusbani 

22 48 

86 34 

219. 


Pandra 

23 48 

86 43 

220. 


Pukhurkata . 

22 62 

86 38 

219. 

Ooourrenoes of little 
or no importance— 

apatite 

IMalthol 

23 26 

i 

86 26 i 

231. 

bismztih 

Maltbol . , 

23 26 

86 26 i 

1 

229. 

coruTidum 

Salbani 

23 04 : 

86 17 

230,231. 

titanvam 

Manbazar (W, N W. of) 

23 04 

86 40 i 

236. 


Salbani . • » 

23 04 

86 17 : 

236. 


Sapnr .... 

23 01 

86 62 

236. 

platiissm 

Gnnna nadi (near Dkadka) 

22 48 

86 30 

233. 






LOCALITY Am) 3SONERAL INDEX. 


Xlll 


MONGHYR DISTRICT. 

Minerals : Alkali salts (saltpetre, sodium salts), asbestos, baux¬ 
ite, building materials, clays (Qreclay, kaolin), glass sands, lead, 
manganese, mica, mineral waters, refractory materials (clays, silica), 
sand. 


Mineral. 

Place. 



Page. 





0 

/ 

o 

/ 


Asbestos 

Goria Koh gbat 

• 

1 

25 

12 

86 

31 

79. 


Ghorakhor hill 

- 

I 







Pirpahar hill 


• 

25 

23 

86 

31 

79. 

Building materials— 









slate 

Kharagpur hills 



• 

• 

• 

• 

90. 

quartzite 

Bharhara 



25 

15 

86 

24 

89. 

fireclay • 

Monghyr 



25 

22 

86 

28 

102 , 106. 


Pirpahar 



25 

23 

86 

31 

102, 105. 

china clay 

Nawadih 



24 

47 

86 

23 

105, 

Lead 

Kharagpur hills 



. 


. 


' 102. 


Ohakai hills 



• 


- 


162. 

Manganese 

Katnowa hills 



24 

67 

86 

16 

176. 


Pandipahari hOls 





? 


176. 

Mineral waters 

Bhurka 



?25 

18 

?86 

37 

199. 


Bhimabandh 



25 

04 

86 

24 

199, 


Janam Khund 



25 

07 

86 

24 

199. 


Kharagpur hiUs 



25 

07 

86 

33 

199. 


Lachmi Khund 



?25 

03 

?86 

29 

199. 


Panchbhur . 



25 

06 

86 

15 

199. 








XIV 


LOCALITY AND MINERAL INDEX. 


MONGHYR DISTRICT—ccmid!. 


Mineral. 

Place. 

Latitude 

Longitude 

Page. 

Mineral waters— cemtd. 


0 / 

o / 



PhiUips Khnnd 

25 22 

86 31 

197, 199, 

202, 203. 


Rameswar Khund 

?25 09 

86 30 

199. 


Rishi Khund 

25 15 

86 32 

199, 201, 

202 . 


Sinehi Rikh Tatal Pam • 

25 08 

86 18 

199. 


Sita Khund , 

25 22 

86 32 

197, 199, 

201 , 202. 

Refractory mate¬ 

rials— 

! 




graphite 

Baghman 

24 48 

86 45 

210 . 

quartzite 

Kharagpur hiRs . 


•• 

212 . 

Occiurrences of little 
or no importance— 
columbite arid tanta- 





hte • • • 

Pannoa hill 

24 47 

86 26 

230. 

corundum 

Jamui (N. E. of) . 

24 56 

86 14 

230. 





LOCALITY AND MINERAL INDEX* 


XV 


MUZAFFARPUR DISTRICT. 
Minerals; Saltpetre, sodium salts 



XVi LOCALITY AND MINEEAL INDEX. 

PALAMAU DISTEICT. 


Minerals: Baiixite, building materials, clays, coal, dolomite, 
iron-ore, lead-silver, limestone, mica, mineral springs, refractory 
materials, sand, gemstones (diamonds, garnets). 


Mineral. 

Place, 

Latitude. 

Longitude 

Page. 



0 

/ 

0 

/ 


Bauxite . 

Mahuadand . 

23 

24 

84 


85. 


Netarliat 

23 

28 

84 

16 

84, 86. 

Olay 

Japla .... 

24 

32 

84 

03 

88. 


Barbara 

24 

10 

84 

02 

101, 102, 
106. 

CJoal . . . 

Auranga coalfield . 

. 


. 


112,117. 


Baltonganj coalfield 

• 


. 


112,117. 


Baltonganj . 

24 

02 

84 

04 

177. 


Hutar coalfield 

. 

. 

. 


112,117. 


Hutar .... 

23 

59 

84 

11 

117. 


Rajhara 

24 

10 

84 

02 

117. 

Iron-orc . 

Auranga coalfield 


. 



148. 


Gore Pahar . 

23 

68 

83 

58 

148 


Sua .... 

24 

00 

84 

06 

148. 

licad-sdver 

% 

Bankbap 

23 

59 

84 

49 

161. 

Limestone 

Bakoria 

23 

54 

84 

19 

167. 


Ban Pabar . 

23 

69 

83 

69 

167. 


Baltonganj (S. W. of) . 

24 

02 

84 

04 

92. 172. 


Biridag 

23 

60 

84 

43 

169. 


Majbauli 

24 

10 

84 

08 

167, 


Olbepat 

23 

60 

84 

44 

167,169, 


Pandwa 

24 

10 

84 

04 

167. 


Sua .... 

24 

00 

84 

06 

167. 






[Hw 




PALAMAU DISTRICT—comfe?. 


Mineral. 

Place. 

Latitude, i 

Longitude, 

Pag' 



o / 

0 / 


Mica 

Oaltonganj . 

24 02 

84 04 

183. 


Khorhi ^ 

24 02 

84 00 

183. 


Kini .... 

24 04 

84 01 

183. 


Lesliganj c 

24 02 

84 12 

183. 

Mineral spruigs 

Jaram 

23 49 

84 30 

200. 

Refractory matenals— 

fireclay . . ' 

Kokraha 

^ee under Clay 

23 45 

84 05 

m. 

graphite 

Arapur 

24 14 

84 02 

210. 


HataiKhas . 

24 14 

84 01 

210. 

Occurrences of little 
or no importance— 

Tulbula 

24 15 

84 02 

210. 







locality and MlNEtlAt- INDEX. 


XVlii 


PATNA DISTRICT. 


Minerals: Alkali salts, building materials, mineral waters. 


Mineral. 

Place. 

Latitude. 

Longitude. 

Page. 

Mineral waters 

Rajghir springs— . 

o / 

25 01 

o / 

85 25 

197—202. 


Brahma Khund 


• • 

202 . 


Ohandrama Khund . 

p • 


202 . 


Ganga BLhund • 

■ • 


202 . 


Jamuna Khund 

• • 


202 . 


Makhdum Khund 

• • 


197, 202. 


Markandya Khund . 



202 . 


Ram Khund 



202 . 


Sita Khund . 



202 . 


Suraj Khund . 



202 . 


Viswamitra Khund . 

• # 


197, 202. 


Vyas Khund 


- 

202 . 













LOCAlilTY AND MtNte&AL INDEX. 
PUENEA DISTRICT. 
Minerals: Building materials. 


xix 



XX 


LOOAlilTY AlSTD MlNEliAL INDEX, 


RANCHI DISTRICT. 


Minerals: Asbestos, barytes, bauxite, building materials. Chro¬ 
mite, clay (Uthomarge), gold, lead-silver, limestone, mica, mineral 
pigments, steatite, fuller’s earth. 


Mineral. 

Place. 

Latitude. 

Longitude. 

Page. 





o 


o 

/ 


Asbestos 

Itki 

• 

• 

23 

21 

86 

08 

79. 

Barytes • 

Babea . 



23 

23 

86 

29 

80. 


Bongabera . 



23 

21 

86 

31 

80. 


Silwai . 



23 

22 

86 

26 

80. 

Bauxite . 

Bagru Pat . 



23 

29 

84 

36 

84, 86. 


Banda Pat . 



23 

22 

84 

32 

85. 


Banjari Pat . 



23 

22 

84 

30 

85. 


Bar Pat 



23 

17 

84 

26 

86. 


Chapuadhea Pat 



23 

28 

84 

34 

86. 


Dudha Pat . 



23 

26 

84 

30 

84. 85. 


Khamar Pat 



23 

37 

84 

41 

84, 86. 


Kutoha Pat . 



23 

11 

84 

20 

85. 


OrongaPat . 



23 

36 

84 

38 

85. 


Pakhar Pat • 



23 

34 

84 

37 

85. 


Pakri Pat • 



23 

23 

84 

15 

85. 


Bajadera 



23 

17 

84 

14 

84. 

Building materials— 

Serendag 



23 

22 

84 

28 

84, 86. 

effidasUe 

Basauri 



22 

66 

86 

37 

91. 


Jate . 


. 

22 

66 

86 

16 

91, 


Bugudib 



22 

63 

85 

39 

91. 

Ghromite , 

HotagHm,Smi 



23 

21 

85 

60 

97. 










LocALinr Am > mineral index, 


XXI 


RANCH! DISTRICT— 


Mineral. 

Place. 

Latitude. 

Longitude. 

Page. 





0 

/ 

0 

/ 


Clay (Hthomarge) 

Bagm Pat . 

- 

. 

23 

29 

84 

36 

106. 


Dischmatia Pat 



23 

28 

84 

37 

106. 


Serendag 



23 

22 

84 

28 

104,106. 

Gold 

Sonapet valley 



23 

53 

85 

40 

137, 139. 

Lead-silver 

Knmbakera . 



22 

29 

84 

45 

161. 


SiUi , 



23 

21 

85 

60 

161. 


Silwai . 



23 

23 

85 

27 

161. 

Limestone 

Babhane 



23 

40 

85 

04 

169. 


Bnndti. 



23 

40 

85 

04 

168, 


Hoyar 



23 

39 

85 

02 

169. 


EJialari 



23 

39 

85 

00 

167, 169, 


Ray • 



23 

41 

85 

03 

167, 168. 

Mica 

Sikriadanr • 



22 

41 

84 

29 

183. 

Mineral pigments 

Kabasa 



22 

57 

86 

48 

195. 


Ktidda. 



22 

67 

86 

50 

195. 


Papirda 



22 

57 

86 

39 

195. 


Ray . 



23 

41 

86 

04 

195. 


Western Ranobi district. 

• 

• 

- 

• 

195. 

Steatite ... 

Bandudih • 


• 

22 

66 

86 

49 

219. 


Kuddadih (N. of) 

• 

• 

22 

53 

85 

48 

219. 

Ocourrenoes of little 
or no importance— 





1 

i 




fuUer*8 earth 

Bagm Pat . 

« 

a 

23 

29 

84 

36 

1 

231. 












LOCALITY AKD MlNBltAL INDEX. 


xxii 


SANTAL PAEGANAS. 


Minerals; Building materials, clays (fireclays, china clays), coal, 
copper, lead-silver, mineral pigments, mineral waters, sand, gemstones 
(agate, amethyst). 


Mineral. 

Place. 

Latitude. 

Longitude 

Page. 






o 

/ 

o 

/ 


Building materials— 









trap » * 

• 

Bajmahal hills 

• 

• 


* 


• 

90. 

Clay- 










fireclay 

• 

Chuparbhita coalfield 


• 

• 


• 

107. 



Bhamni coalfield 



• 

• 


• 

107. 



Hura . 



24 

59 

87 

23 

107. 



Piarim 



25 

00 

87 

24 

107. 

, 


Eajmahal hills 



• 

• 

f 

• 

106 

china day • 

. 

Bagmara 



24 

38 

87 

17 

106. 



Baskia 



24 

27 

87 

23 

106. 



Bhurkunda . 



24 

20 

87 

21 

106. 



Budhan 



24 

16 

87 

24 

106. 



Hura , 



24 

59 

87 

23 

102. 



Karanpur 



24 

20 

87 

23 

106. 



Mangal Hat. 



25 

04 

87 

61 

102,106. 



Bajabhita . 



24 

56 

87 

22 

106. 

1 



Bajmahal hills 



• 


- 

* 

102, 106. 

Coal 

• 

Batgo . 

• 


24 

30 

87 

24 

119. 



Brahmani coalfield 


• 



. 

112,118. 

* 


Ohhota Bhorai 

• 


26 

02 

87 

23 

119. 

1 


Chilgo * 

• 


24 

33 

87 

28 

119. 









tOCALITV AND MINERAL INDEX, 




SANTAL PAEGAHAS—comfti. 


Latitude. Longitude.} Page. 


Coal— contd. 


Copper 


Glass sand 


Lead-silver 


Chuparbhita coalfield 
Daria chaic . 
Dhamni 
Hura coalfield 
Jainti coalfield 


Jilbari coalfield 
Khairbaiii . 


Kuiidit Karaia coalfield 
Madhupur Rly. Stn. 
Pachwara coalfield 
Sahajuri coalfield . 
vSarsabad 


112, 119. 


Bhairukhi * 
Budhbandh • 


Maugal Hat. 
Eajmahal hills 


Akhasi or Panch Pahar 
Bhairukhi • 

Sanka hills . 


87 29 110. 


112, 119. 

112,118. 
45 87 26 119. 

61 87 24 112, 119. 

04 86 59 118. 

56 87 25 119. 

112,118. 

16 86 39 118. 

112,119. 

08 86 51 112,118, 

18 87 32 119. 


24 36 86 36 129. 

24 00 86 51 129. 


25 04 87 51 I 134. 


24 38 87 10 162. 

24 36 86 36 162. 

24 17 87 19 163. 


Mineral pigments 


Bajinahal hills 








2X1V 


LOCALITY AND MINERAL INDEX. 


SANTAL PAEGANAS—conoJi. 


Mineral. 

Place. 

Latitude. 

Longitude. 

Page. 

Mineral waters 

Baramasia • 

o / 

24 31 

o / 

87 39 

200. 


Blinmka 

24 02 

87 17 

200. 


Jliana ■ ■ • 

24 20 

87 42 

200. 


Lau-lan-dah 

24 22 

87 43 

200. 


Nunblnl 

24 05 

87 13 

200. 


Snsnmpam . 

24 09 

87 17 

200. 


Tapatpani ? . 

24 12 

87 21 

200. 

Refractory materials— 





quartzite 

Jamtara 

24 00 

86 08 

212. 

Occurrences of little 
or no value— 





agale^ amethyst 

Berhalt , 

24 53 

87 37 

231. 

zinc 

Bhaimkhi • 

24 36 

86 36 

238. 








LOCALITY AND MINERAL INDEX. 


SARAN DISTRICT. 

Minerals: Saltpetre, sodium salts. 



XXVI 


LOCALITY AND MINERAL INDEX, 


SHAHABAD DTSTEICT. 


Minerals: Abrasives and grinding materials, alkali salts (salt¬ 
petre, sodium salts), building materials, glass sands, limestone, 
mineral pigments, sulphur. 


Mineral. 

Place. 

Latitude. 

Longitude. 

Page. 



o / 

o / 


Building materials— 





sandstone 

Xainaur Mils. 

•• 

•• 

90. 

Glass sands 

Kaimur Mils. • • 

•• 

•• 

135. 

Limestone 

Baulia 

24 36 

83 66 

171, 172. 


Banjari 

24 41 

83 59 

171, 172, 


OhunlLattar . 

24 36 

83 52 

171. 


Dumarkhar . 

34 48 

S3 53 

171. 


Margohi 

34 53 

84 04 

171. 


Ramdliira-on-Son . 

24 46 

84 02 

171. 


Rohtas 

24 38 

83 55 

92, 136, 164. 

Mineral pigments 

Chathans 

24 38 

83 40 

195. 


Madpa 

24 38 

83 30 

195. 

Refractory materials—* 





dolomite 

Banjari 

24 41 

83 59 

172, 210. 

Sulphur . • * 

Amjor 

24 43 

83 69 

223. 


Kasisya Koh 

24 41 

83 53 

223, 224. 


Yogyaman Koh . 

24 43 

83 52 

223, 224. 

Oocurrenoes of little 
or no importance— | 





cmrnoniwm stdphaie 

Rohtasgaili . 

24 38 

83 55 

228. 

ptMone 

Pifctian 

7 

? 

f 

220. 










LOCALITY AND MINEBAL INDEX, 


xxvii 


SINGHBHUM DISTRICT. 

Minerals : Abrasives (garnet, quartz), apatite, asbestos, barytes, 
building materials, chromite, clay (china clay), copper, glass 
sands, gold, iron-ore, kyanite, lead-silver, manganese, mica, 
mineral pigments, refractory materials (quartz schist), steatite, 
vanadium, jasper, quartz crystals. 


Mineral. 

Place. j 

Latitude. 

Longitude. 

Page. 

Abrasives— 




o / 

0 / 


garnet . * 

Malibani 



22 33 

86 42 

67, 231. 


Shirbai dtingri 



22 20 

86 39 

67. 

chert • 

Jamda 



22 10 

85 26 

68. 

Apatite ^ 

Piadia • • 



22 29 

00 

CO 

GO 

74—76. 


Bhadna 



22 28 

86 30 

76. 


Chandar Bum 



22 43 

86 13 

75. 76. 


Kanyaluka * 



22 29 

86 31 

76, 


Kbejurdari . 



22 24 

86 34 

73, 75. 


Nandup 



22 44 

86 12 

74-76. 


Pathargbara 



22 32 

86 27 

73—76. 


Sunrgi 

• 

- 

22 27 

86 33 

74—76. 

Asbestos 

Anjedbera 

Forest 

Protected 

.. 


79. 


Chirutantri . 

* 

. 

22 24 

86 34 

78. 


Bigarsai 

• 

• 

22 35 

86 15 

78. 


Lipokocba , 

• 

• 

22 25 

86 30 

78. 


Mahespnr - 

• 

• 

22 23 

86 30 

78. 


Manpur ^ 

• 

- 

22 36 

8G 16 

78. 


Nurda * 

• 

- 

22 20 

85 44 

79. 


Sahedba Reserved Forest 

•• 

•• 

79. 


1 Tonio • * 

• 

• 

22 23 

2>«> 37 

79. 





LOCALITY AND MINERAL INDEX. 

SINGHBHUM DISTRICT—ccm«(Z. 


Barytes . 


Building materials- 
Btont . 




haUaat . * 


Chromite. • 


Clay —cMna clay 


Ghatsda 

Kolpotka 

Barijol. 

Chaibasa 

Galudih 

BhitarDari . 

Bulmta 

Dhalbhumgarh 

Roam 


Anjedbera Protected 
Forest 

♦Tojohatu 

Sabedba Reserved Forest 


Dbaradib 
Hat Gamaria 
Karanjia 
Kashmandu ? 
Xatahpara . 
Kharhi dnngri 
Madkamhatn 
Habuldiha . 
Majri . 
Hetxabandi . 
Pandrasali . 
Telaipi. 


Latitude. 

Longitude. 

Page. 

o / 

22 36 

o / 

86 29 

81. 

22 22 

85 06 

80. 

22 34 

86 61 

89. 

22 33 

86 48 

89, 90. 

•. 

.. 

89. 

22 42 

86 11 

90. 

22 34 

85 44 

90. 


22 30 86 34 93. 

22 38 86 24 94. 

96. 

22 31 85 38 96. 

96, 

22 43 86 32 106. 

22 16 86 46 103, 106, 

22 07 85 45 106. 

22 10 85 45 106. 

22 13 85 43 106. 

22 32 86 46 106. 

22 32 85 48 106. 

22 14 86 41 106. 

22 42 86 40 106. 

22 33 86 38 106. 

22 38 85 48 106. 


22 25 


86 55 








LOCALITY AND MINEEAL INDEX, 


xxix 


SINGHBHUM DISTRICT— 


Mineral. 

Place. 

Latitude. 

Longitude. 

Page. 



o i 

0 / 


Copper • 

Astakoali 

22 21 

86 29 

128. 


Badia . . . • 

22 29 

86 28 

126, 127— 




128. 


Baharagora . 

22 16 

86 43 

123, 128. 


Ckapri 

22 37 

86 24 

127. 


Charakmara • 

22 17 

86 41 

128. 


Churia Paliar 

23 18 

86 36 

128. 


Bhadkidih . 

22 44 

86 10 

126. 


Dhobani 

22 31 

86 27 

125. 


Bnarparam . 

22 46 

85 34 

123, 126. 


Gohala 

22 29 

86 30 

128. 


Hitku . • . . 

22 43 

86 15 

126. 


Jaypnr 

22 45 

85 36 

126. 


Jharia 

22 18 

86 42 

128. 


Kanas . . * 

22 30 

86 31 

12a 


Kendadib 

22 35 

86 25 

127. 


Khejnrdari . 

22 24 

86 34 

128. 


Lankesra . • * 

22 33 

86 27 

127. 


Mundadevata 

22 18 

86 42 

128. 


Mushabani (Mosaboni) . 

22 31 

86 28 

123—12.'), 

127—128. 


Handup 

22 44 

86 12 

126. 


Bajdah 

22 41 

86 17 

126. 


Bakba Mines • • 

22 38 

86 22 

123. 125— 
127. 


Ramaohandra (Chandar) 

22 43 

86 13 

126. 


Bum 

Roladib • ^ 

22 46 

85 40 

126. 









XXX 


LOCALITY AND MINEBAL INDEX, 


SINGHBHUM DISTRICT—eowfeZ. 


Mineral. 

Place. 

Latitude. 

Longitude 

Page. 

Copper— co7\td. 

Sideshar 

o / 

22 37 

o / 

86 23 

127. 


Surda .... 

22 23 

86 26 

127. 


Thal^uidih . 

22 18 

86 41 

128. 

Gold 

Ankna 

22 18 

86 16 

138. 


Blntar Bari . 

22 42 

86 11 

138. 


Binburu 

22 40 

86 12 

140. 


Bigar&aa 

22 35 

86 16 

138. 


Garia nadi . 

.* 

• . 

138. 


Hakosrora 

22 42 

86 10 

140. 


Kimdarkocha 

22 28 

86 15 

137—140. 


Manoharpur Station 

22 22 

85 12 

138. 


Pahardia 

22 30 

85 12 

137-140. 


Kakha Manes 

22 38 

86 22 

139. 


Sanjai rivor . 

• • 

.. 

138. 


Sausal 

22 37 

85 17 

138, 139. 


Sona nadi . 

>• 

• • 

138. 


South Koel river . 

.. 

.. 

138. 


Subamarokha liver 

•• 

• • 

137, 138. 

Iron-ore . 

Basadera 

22 40 

86 30 

147. 


Binburu 

22 40 


147. 


Buda Bum . 

22 17 

85 17 

143, 160. 


Gua • . . . 

22 13 

85 23 

143, 150, 

161, 


Hakegora . 

22 42 


147. 


Iron-ore Range 



145. 


Jhihng Bum 

22 12 

85 23 

146, 151. 















LOCALITY AKD MINEEAL INDEX, 


XXXI 


SINGHBHUM DISTRICT—cowit?. 


Mineral. 

Place. 

Latitude. 

Longitude. 

Page. 





o 

/ 

o 

/ 


Iron-ore— cmid* 

Kudada 



22 

42 

86 

12 

148, 


Kudlun (N. of) 



22 

47 

86 

23 

147. 


Luknd Bum 



22 

40 

85 

27 

147, 148. 


Noamundi . 



22 

09 

85 

29 

143, 144, 

149. 


Notu Bum • 



22 

18 

85 

22 

143. 


Pansira Bum 



22 

18 

85 

22 

143, 145, 

150. 


Patharghara 



22 

32 

86 

27 

148. 


Samda (S. W. of) 



22 

38 

85 

12 

147. 

(ar inq 
iron-ore) 

Bublabora . 



22 

29 

86 

17 

148. 

Kyanite . 

Badia . 



22 

30 

86 

28 

157. 


Bakra . 



22 

29 

86 

29 

157. 


Bbakar 



22 

23 

86 

36 

157. 


Ohimgora . 



22 

33 

86 

31 

157. 


Daoutanri . 



22 

30 

86 

09 

157. 


Dobba 



22 

32 

86 

31 

157. 

1 

Ghagidih 



22 

45 

86 

11 

157. 

! 

Kanyaluka . 



22 

28 

86 

31 

157. 


Mohanpur . 



22 

34 

86 

32 

157. 


Rakba Mines (east ridge) 

22 

38 

86 

22 

157, 


Sbirbai dungri 


* 

22 

21 

86 

40 

157. 


Singpura 

• 

• 

22 

22 

86 

35 

157. 

Lead-silver • 

Pabardia 

• 

• 

22 

30 

85 

12 

161. 


Sausal 

• 

• 

22 

37 

85 

17 

161. 








xxxu 


LOCALITY AND MINEEAL INDEX, 


SINGHBHUM DISTEICT—cowfe?. 


Mineral. 

Place. 



Page. 




o 

r 

o 

/ 


Limebtone 

Ghatkuri 


22 

18 

85 

24 

169. 


Jagannathpur 


22 

13 

86 

39 

170. 


Lota Pahar . 


22 

37 

85 

34 

169. 


Patang 


22 

23 

85 

24 

169- 


Putada Springs— 

N. of Chaibasa 


22 

33 

85 

48 

169. 


Bajanka 


22 

26 

85 

44 

170. 

MaKi^anese 

Basadera 


22 

40 

86 

30 

176, 177. 


Bistampur . 


22 

27 

85 

47 

176. 


Chaibasa 


22 

33 

85 

48 

176,177, 


Gitilpi 


22 

31 

85 

49 

176. 


Qua (S, E. of) 


22 

13 

85 

23 

176, 177. 


Hatibari 


22 

36 

86 

39 

176. 


Jhatijhama . 


22 

42 

86 

33 

176. 


Kelondeh 


22 

29 

85 

48 

176. 


Lahkaisini Pahar . 


99 

42 

86 

34 

176. 


Lanji , 


22 

49 

85 

35 

176, 177. 


Leda Burn . 


22 

28 

85 

23 

176, 177. 


Madkamhatu 


22 

32 

85 

48 

176. 


Mirgitanr 


22 

43 

86 

29 

176. 


Koamundi (N. E, of) 


22 

09 

85 

29 

176. 


Snrjabasa • 


22 

28 

85 

47 1 

176. 


Tntugntu 


22 

29 

85 

« 

176. 

Mica 

Benagaria • 


22 

19 

86 

38 

183. 


Lanbera 

f 


22 

32 

86 

41 

183. 


1 Pnrajoadihi . 

• 

22 

20 

86 

39 

183. 
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SINGHBHUM DISTRICT—cok«(?. 


Mineral. 



Longitude. 

Page. 



o / 

o / 


Mineral fertilisers— 





potash felspar 

apatite 

Jainti .... 

see under Apatite. 

22 04; 

85 41 

191. 

Mineral pigments 

Basadera 

22 40 

86 30 

195. 


Bicha Bum . 

22 39 

00 

195. 


Bharadih * 

22 43 

86 32 

195, 


Ooilkera . . 

22 31 

85 23 

195. 


Karamta Bum 

22 40 

85 25 

195. 


Kharhi dungri 

22 32 

86 46 

195. 


Kuira .... 

22 32 

85 31 

195. 


Leda Bum . 

22 28 

85 22 

196. 


Lukud Bum - ♦ 

22 40 

86 27 

195. 


Mahespur (N. of) - 

22 23 

86 30 

195, 


Mangra 

22 29 

86 16 

195. 

Refractory materials— 

chromite 

Metiabandi . • 

1 

sec under Chromite. 

22 33 

86 38 

195. 

dolomite 

hyanUe 

Butada Spring 

see under Kyanite. 

22 34 

85 49 

210. 

magnesUe 

BhitarDari . 

22 41 

86 11 

209, 211. 

quartz-schist . , 

Kendadih . . • 

22 36 

86 26 

212. 

steatite 

Rakha Mines 

see under Steatite, 

22 38 

86 22 

212. 
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LOCALITY Asr® Mutbeal Ustde:^, 


SINGHBHUM DISTRICT— 


Mmoral. 

Place 

Latitude 

Longitude 

Page 



o 

/ 

o 

/ 


Steatite • 

Belaapahan . 

22 

50 

86 

17 

219* 


Baiunakn • 

22 

18 

86 

37 

220. 


BhitarDari • 

22 

41 

86 

11 

219. 


Burudih 

22 

22 

86 

31 

220. 


Chaibasa (W. of) . 

22 

33 

85 

48 

220, 


Clurutanr 

22 

24 

86 

34 

220. 


Bigha .... 

22 

39 

8b 

32 

219. 


Bongadaha . 

22 

21 

86 

34 

220. 


Keudadih . 

22 

36 

86 

25 

220. 


Elhejurdan . 

22 

24 

86 

33 

220. 


Ktiardih 

22 

33 

86 

05 

220 


Kimdarkoclia 

22 

27 

86 

15 

220. 


Mahespur 

22 

23 

86 

30 

220. 


Mjabulisol 

22 

28 

86 

34 

220. 


Idanpar . . • 

22 

36 

86 

16 

220. 


Nurda 

22 

20 

85 

44 

220. 


Kaghabdih . 

22 

31 

86 

07 

220. 


Rakha Mines 

22 

38 

86 

22 

220. 

Potstone • • 

Bndhraisahi 

22 

40 

86 

35 

220. 


Bnnjhor 

22 

40 

86 

39 

220. 

Yaoadiam 

Bublabera . 

22 

29 

86 

17 

226. 


Kotwar Pabar 

22 

31 

86 

19 

226. 


Kudarsahi . 

22 

29 

86 

17 

226. 


Laago 

22 

30 

86 

18 

226. 


S^dnrpnr , 

22 

28 

86 

15 

226. 
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SINGHBHUM DISTRICT— 


"Mineral, 

Place 

Latitude 

Longitude 

Page 

Occurrences of little 
or no importance— 

monaziU 

Kanyaluka 

o / 

22 29 

0 / 

86 31 

233. 

topaz ... 

Ghagidih 

22 45 

86 11 

237. 

torbermte 

Sunrgi 

22 27 

86 33 

237 

corundum 

see under Kyamte 

•• 

•• 

230 

Utamum 

SCO under Vanadium 

• • 

•• 

236, 

wolfiam 

Tatanagar . 

22 47 

86 12 

238. 
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LOCALITY AND MINERAL INDEX. 


EASTERN STATES. 


State So Place. 

Mineral 

Latitude. 

Longitude. 

Page. 



• 



o / 

o / 


Bonai 

Iron-ore 


- 

• 

• • 

• • 



Manganese 




*• 

• • 

174. 

Keonjhar, 

Iron-ore 




• • 

- 

149. 


Manganese 




• • 


136, 174. 

Kharsawan 








Galudih 

Copper 




22 47 

85 44 

120. 

Lapsa Buru . 

»> 

Kyanite 

Topaz 



• 

22 48 

85 44 

155, 157, 

158, 211. 
236. 

Maymhhunj 

Ironjore 





.. 

142, 149. 

KTimhardubi 

Vanadium 




22 17 

86 19 

226. 

Saiaihda 

Apatite 



• 

•. 


73. 

Bara Bana • 

Asbestos 

m 


• 

22 38 

85 55 

78. 

Karaikola Estate . 

Chromite 




.. 


95. 

— 

Copper 




• • 

• • 

126. 

— 

Kyanite 

• 



•• 

•• 

157. 

Jhar Gobindpur . 

Kyanite 


• 

• 

22 48 

86 05 

157. 
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XXXVli 



Abiasives, ai-tificial. 68-69,83. 

--natmal. 66-67. 

Abrasive industry, development of . - • . 61, 69. 

Agate.. 231. 

Agricultural Implement Co.143, 

AUanite.80. 

Alluvium.15,20. 

Aluminium sulphate. 46,228. 

Alundum . ..68. 

Amethyst.231. 

Ammonium sulphate .. 189, 190. 

Amphibolo asbestos.78. 

Andalusite. 154, 157, 

Anglo-Oriental and General Investment Trust, Ltd. 124. 

Antimony ........ 46, 160-162,228. 

Apatite. 73-77, 80, 126, 184, 192 

231. 

-, prospecting possibilities . . . .42. 

Archean . . . , . . . . 16, 17,36,37. 

-basic igneous rocks, minerals in . , . 36, 37. 

-sedimentary rocks, minerals in . . . 36, 37. 

Arsenic. 46, 229. 

Asbestos ........ 78-81. 

-,prospeoting possibilities . . . . 42,79. 

Associated Cement Co., Ltd.169. 

Auden, J. B.. 135, 148, 170, 171, 173, 

223, 225. 

Auiunite .. 237, 

Azurite.. 126. 


BaU,V. . .. 94, 105, 107, 119, 129, 

131, 141, 153,161, 162, 
163, 173, 178, 221, 230, 
231, 232. 


T 

















xxxviii 


GENERAL INDEX, 


Subject. 




Pages. 

Bandod hematite-quartzito 




144-146. 

Banded quartzite .... 

• 



91. 

Barakar coal measures . 

• 



15, 19, 101, 102-122. 

Bararee Coke Co., Ltd. . 

• 



189. 

Barraclough, L. J. . 




216, 217. 

Barren measures .... 




16, 19, 102. 

Barytes ..... 




80-81, 161, 229. 

-, industry, development of 




61, 81. 

-, prospecting possibilities 




42. 

Basic slag ..... 




192. 

Bates, W. H. 




98, 104, 107. 

Bauxite. 




69, 82-87, 165, 208, 236. 

-, industry, development of . 




61, 86-87. 

-, piospeoting possibilities 




42, 87. 

Bengal Baragunda Copper Co. . 




129. 

Bengal Iron and Steel Co. 




73, 143, 147, 150. 

Bengal Pottery, Ltd. 




102, 104, 106. 

Beryl ...... 


4. 


184, 229, 231, 

Bihar Eiiebuck and Potteries Ltd. . 




98, 101, 106. 

Bijaigarh shales and quartzites. 




19. 

Bird and Co. 




101, 143. 

Bismuth ..... 




46, 229. 

Bismuthinite .... 




80, 229. 

Bismutosphaerite .... 




80, 229. 

Black oxide. 




193. 

Blanfoid, H. F. . 




107. 

Blast furnace dust .... 




191. 

Bloohman, —. .... 




231. 

Blue dust ..... 




146, 149. 

Bone fertiliser .... 




192. 

Borax ...... 




132. 

Boron carbide .... 




66, 68. 

Bose, P. N. 




142, 188. 

Buchanan-Hamilton, F. . 




107, 162, 196. 

Bum and Co. . . . - 




159, 212. 

Burrakur Coal Co., Ltd. . 




189. 

Buss, 0, R. . 




207. 

C 





Oanga . ^ . 



. 

145. 

Cape Copper Co. .... 

• 

• 

• 

123, 124, 126. 















GENERAL INDEX, 


XXXIX 


Subject. 

Pages. 

Capital, encouragement of 



• 

69. 

Carbon phyllite .... 



« 

196, 196. 

Carborundum. 



• 

68. 

Cassiterite. 




234. 

Cement ..... 




92, 164-165. 

-, alumina .... 




83, 165. 

Cemet-kiln gases .... 




191, 

Ceramic industry, development of 




62. 

Ceiussite ..... 




160, 162. 

Chakravarti, B. C. . 




119,122. 

Chalcedony ..... 




231. 

Chalcopyrite ..... 




125. 

Chalk. 




67. 

Chatterjee, P. K., . 




106, 118, 122. 

Chert ...... 




67, 68, 96. 

China clays ..... 




67, 98-107. 

Chota Nagpur plateau, dissection of . 



• 

11, 12, 

-, division of . 




11. 

-, eastern edge of 




10-11, 12, 14, 135. 

-, northern edge of 




8-9, 12, 14. 

-soils of 




31, 32. 

Chowdhury, R. R. . ^ 




188. 

Chromates, for glass making . 




132. 

Chromite ..... 




95-97, 208-209. 

-, industry, development of 




62, 97. 

-, prospecting possibilities . 




42, 97. 

-, royalty on . . . 




66. 

ChrysocoUa ..... 




126. 

Chi^otile ..... 




78. 

Gimmtfondu . . . , • 




83, 166. 

Clays, brick ..... 




100-101. 

-, building .... 




88,100-101. 

--, potters • . * . 




98-100. 

-, prospecting possibilities . 




42. 

-, royalty on . 




56. 

Clouston, I>. 




72, 102. 

Coal ••••.. 




108-122. 

-, conservation of . . . 




121-122. 

- industry, development of . 




62, HO, 120-122. 

-, prospecting possibilities . 




43. 

-, rational exploitation of - 




69. 

-, royalty on . 




66. 

Columbite , • . . • 




229, 233. 


T 2 













xl 


GillJEItAL INDEX. 


SrajEOT, Pages, 


Copper 123-131, 238. 

-, native.. 126. 

-, prospecting posaihilities . . . .43, 130-131, 

Cordoba Copper Co.. 124, 127, 

Corundum. 46, 66, 156, 168, 230,231. 

Coulson, A,L. . .. 79, 81,229. 

Coulsonite ........ 227. 

Crookshank, H. 98, 107. 

Cryolite.82. 

Cuprite.126, 

Cyanamide, calcium. 189, 190. 

D 

Dalma.4, 10. 

Dalma lavas. 196, 211, 220. 

Damodar series ....... 15,112. 

Dams, choice of site.27. 

Damuda valley.11, 12. 

Day, H,.167, 

Dead rent.50-51. 

Deccan trap. 12, 15, 18, 20. 32, 82, 85. 

Deoghar Mining Co. 129, 163. 

Dewarkband Cement Co. ..... 169. 

Dey, A, K. 148, 161, 227, 

DhalbhoOm Gold and Minerals Prospecting Co., Ltd. . 137. 

Diamonds. 66,231. 

Diatomite . .67. 

Dickson, A. A, 0.188. 

Distribution of minerals, areal .... 39-41. 

--^,^ological .... 36-39. 

Dixon, A. F. . . ..188. 

Doiomite. 209. 

-prospecting possibilities .... 44. 210. 

BuMabera Mining Co. 226. 

Dumoitierite.158. 

Dmm, J. A. . . . . . . . . 14, 20, 21, 77, 79, 81, 94, 

97, 107, 117, 122, 131, 
J41, 142, 144, 146,163, 
169,169. 173, 178. 188, 
< 196, 213, 22L 226, 227, 

229, 230, 232, 233, 237, 
238. 






























GTOiBAL tmmx. 




Subject. 


Pages. 


E 


Earthquakes, cause of. 

--,effects of. 

--, construction to mirdmise 

--—, susceptibility of N. Bihar to 

--, zones susceptible to 

East India Manganese Co. 

East Indian Railway ColKcry . 

Eastern Coal Co., Ltd. .... 
Emery ....... 

Epidosite .. 

Euphyllite. 


28. 

28. 

29. 

2T. 

29. 

176. 

189, 

189. 

67. 

91. 

168. 


F 

Earquhar, — . 

Farquhar, A. . 

Felspar .... 
Fermor, L, L. 


161. 

122, 217. 

67, 69,184, 191. 

77, 79, 97, 122, 141, 142, 
143, 163, 160, 163, 178, 
213, 234, 236, 238. 


Ferrochrome . 
Ferromanganese 
Fertilisers 
Fireclays 

Flint .... 
Fluorine in mineiul water 

-in Central Provinces 

Forrester, 0 . 

Fox, C. S, . 


Fiyling, C. F. 
Fuller’s earth 


96. 

176. 

189. 

98-107, 209. 

67, 68. 

201, 203, 204. 

82. 

122 . 

21, 84, 87, 107, 109, 116, 
116, 118, 119, 120, 122. 
188, 230. 

207. 

46,230. 


Q 


Galena. 

Gangetlo alluvium, mineorals in 
-plains, formation of . 


80, 160-162, 

36. 

e-8,14. 22, 24. 














GENEBAL mBEX- 


Gangetic plains, soils of . 

Gamolj * • • • • 

Gee, E. R. 

Gemstones .... 
Geological formations, relation of min 
Geological research, need for . 

Ghosh, P. K. 

GUlanders Arbnthnot & Co. 

Glass industry, development of 
Glass-making materials . 

Glass sands, prospecting possibilities 
Glauber’s salt. 

Gold ..... 

- f prospecting possibilities . 

-royalty on . . 

Golden Reef Mining Syndicate 
Gondwana system . 

-, minerals in . 

Government geologist, function of 
Granite, granite-gneiss • 

- , minerals in 

Graphite .... 

Gravel. 

Great Indian Phosphate Co. 
Crxieshach, C.L. ... 
Grindstones .... 
Gulfurbaii Eirebrick Works 
Gypsum .... 


30. 

66, 67, 184, 231. 

21, 107, 113, 122, 173. 
46, 231-232. 

36. 

64-65. 

197, 204. 

127. 

62, 132, 136. 

132-136. 

43, 135. 

72. 

137-141, 160-161. 

43, 140. 

56, 

138. 

15, 19, 20, 32, 112-119 
172-173. 

36, 38. 

49. 

16, 17. 18, 32, 67, 6», 89 
91, 93. 

36, 37. 

46, 210-211. 

93. 

73. 

161, 163, 229. 

68, 69. 

98. 

192, 222. 


Hatdi, E. H. * 
Hatighton, H. 0. 
Hayden H. H. 
Hazaribagh plateau 
Heatly, S. G. T. 
Hematite 

Hemarite, micaceous 
Hewitty E. 
Hlndostan Copper Co* 


139, 141. 

141. 

97, 235, 237, 238. 
11 . 

228. 

142-148, 227. 

148, 194, 196, 196. 
231, 232. 

126. 




















feEiirfiRAti mDEX, 


Hobson, G. V. 
HoHand, T. H. 
Hones . 

Hooper, D. 
Hughes, T. W. 
Hunter, W. W. 
Hutchinson, C. M. 
Hybrid rocks 


188, 217. 

72, 77, 87, 97, 188, 229. 
68, 69. 

72. 

94, 107, 118. 

161, 163, 228, 230. 

72. 

16, 17. 


Hmenite .... 
Income-tax in mining 
Indian Cable Co. 

Indian Copper Corporation Ltd. 

Indian Iron and Steel Co. 

Indra Singh and Sons Ltd. 
Infratrappean beds 
Iron-ore 

-prospecting possibilities 

-restrictions in mining “ i 

--, royalty on . . 

-, titaniferous 

Iron-ore Series 


Ironstone concretions 
Ironstone shales 


148, 227, 236. 

60. 

143, 152. 

124, 125, 127, 130, 131, 
211 , 222 . 

143, 160, 151. 

143. 

15. 

142-153. 

44. 

58. 

55. 

148. 

16, 17, 18, 139-140, 144- 
145, 167, 169, 176, 177, 
196, 210, 220, 221. 

142. 

15, 19, 142. 


Jambon, 0. 
Jamshedpur 


Jasper * 

John Taylor and Sons 
Jones, H. C. . 


Jowett, A. 


234. 

4, 142, 143, 151, 165. 175, 
192, 206, 209, 222. 
232. 

123,124. 

21, 79, 142, 144, 145, 163, 
173. 

117, 122. 



















(iENERAt mDEX. 


Kaimnr plateau. 

--, soils of * 

Kaimur series. 

Kankar ...... 

Kaolin. 

Karanpura Development Co., Ltd. . 

Kerridge, F. B. 

Khari ....... 

Kheinjua stage. 

King, W. . . . . . , 

Knibbs, N. V. S. 

Kolhan Series. 

--minerals in 

Kosi river ... . . 

Krisbnan, M. S. .... 

Kucbwar lime and Stone Co. . 

Kulti ....... 

Kumardhubi Fireclay and Silica Works Ltd 
KviJiea ....... 

Kyanite .... 

-, development of use of 

-, prospecting possibilities 

■ .. , royalty on , . . . 


9, 14,18, 90, 92, 223, 224. 
31. 

19. 

92, 165. 

98-107. 

168. 

107. 

72. 

19. 

131, 141, 160, 163. 

87. 

16, 18, 146, 169, 176, 177, 
196. 

36, 38. 

30. 

77, 161, 205, 207. 

223. 

73, 143, 151, 166, 173. 

98, 105. 

71. 

164-169, 211, 230, 232, 
236. 

63, 159. 

44, 158. 

56. 


Lai, Baba Madan 

Lai^, H. 

Late Tertiary gravels 

Lateiite ..... 

-minerals in 

La Touche, T. H. D. 

Lead. 

Leases, period of ... . 

Lease termc. 

——-in Kod&rma Reserved For^ 

lisather, J. W. 


223. 

207. 

16, 20, 32, 93. 

15, 20, 32, 82, 85, 86, 89 
93, 142, 165. 

36, 39. 

117, 204. 

46, 160-163, 228, 238. 

57. 

60-67. 

52. 

72. 
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Subject. Pages. 


Leucopyiito. 229. 

Lime.92. 

Limestone. 67, 69, 164-173, 192. 

-, for glass making. 132, 135. 

-, prospecting possibilities . . . .44. 

-, royalty on.56. 

lithomarge.- 86, 103-107. 

Lollingite ........ 229. 

Lona matti . . . . . . .71. 

Londa Colliery Co. (1920), Ltd.189. 

Lowa Gold Mines.138. 

Lower Kaimur sandstones ..... 19, 135. 


Macdonald, G. , . . 

Mackinnon Mackenzie and Co. 
Maclaren, J. M. . 

Magnesite . ... 

-, prospecting possibilities 

Magnetite .... 

Mahadevan, C. . . . 

Mahadevas .... 
Malachite .... 
Mallet, F. R* 


Manganese « . . • . 

-, development of use of 

-dioxide, for glass-making 

—-, prospecting possibilities 

-. royalty on . 

-, value to industry . 

Marble. 

Martdn and Co. ... 
Martin, R. M. 

McClelland, J. . . . 

Medicinal waters . 

Mica . .... 

-industry, development of 


. 103. 

. 160, 161. 

. 139, 140, 141. 

. 211 . 

. 44,211. 

. 74-76, 126, 142, 145, 148- 

168, 227. 

. 97. 

. 15. 

. 126. 

. 94, 128, 131, 162, 163, 

164, 173, 188, 231, 232, 
234,235. 

. 146, 174-178, 196. 

. 63, 178. 

. 132, 135. 

. 45, 177-178. 

. 65. 

. 58. 

. 91. 

. 143. 

. 94,188, 204^223^228. 

. 94, 128, 131, 162, 163, 

188,234, 236. 

. 197-204. 

. 179-188. 

. 63, U86-188. 
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Subject. Pages. 


Miea.j prospecting possibilities .... 46,186-187. 

-, splittings. 179, 180. 

Micanite 179, 180, 

Millerite ........ 126. 

Millstones ........ 68, 69. 

Minerals, grouping according to industrial value. . 46. 

-, relation to lock-types . . . .36. 

Mineral rights, vesting of. 49-60. 

Mineral waters.46. 

-, development of ..... 63, 203-204. 

Mineral wool. 206-207. 

Molybdenite. 46, 232, 

Monazite. 233. 

Motto,—.161* 

Mukherji, J. N. .72. 

MuUite ......... 164, 166. 

Murray, E. O. • . • * • • • *3^4, 138,233. 


N 

Nadel, A.135. 

National Cement Mines and Industries Ltd. . . 168. 

Netarhat plateau ...... 12. 

Now ConsoHdatod Gpldfields, South Africa . , 124, 

Newer Dolerites.^ . . 16, 18. 

—- , uses of , . . . * . .36. 

Nitrate, potassium.ISO* 

Nootling, F.141. 

North Anantapur Gold Mines, Ltd. 124, 127. 


O 


Oates, B. • . * « 

Ochres, prospeciang possibilities 

-red . • . • 

-yellow. . • . 

Oldham, E* D* 

OHham^ T. • * 

Ooregum Gold Mining Oo,^ 

Ore, definition of * 

J. B. 


129, 131, 234, 236. 
46, 196. 

193, 194, 196. 

193, 194. 

204, 229. 

107, 204. 

124. 

63. 

163, 228. 
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Subject. 

Pages. 

p 



' 



Panohet .... 





15, 19. 

Pandiu, K. M. 





79. 

Pa^coe, E. H, 





72, 81, 97, 192. 

Pegmatite, mica 





18, 184-186. 

-veins, minerals in 





36, 37. 

Pentlandite .... 





126. 

Percival, E. 





U4, 146, 153. 

Phosphate .... 





191-192. 

-, development of 





61, 76-77. 

Physiographic division of Bihar 
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RECENT 'POBlICATIONS-conffnW. 


MEMOIKS. 

Memoirs of the Geological Survey of Indlia : These publications have been issued since 1856 and 
are intended for the liberation of reports on complete investigations such as the geology of a region 
or of a system of strata or the occurrences of some mineral substance of economic importance. 
Among recent memoirs there are monographs on Asbestos, Barytes, Bauxite, Coal, etc., and a 
special Volume, LXXVI, has been set aside to include Water-Supply Papers. The most recent 
publications of the Memoirs are;— 

Volume LXni.-~Part 8. The Stratigraphy of South Singhbhum. By J. A. Dunn. (Price Re. 1-14 
or 28, Qd.) 

„ LXXIV.—Part 1. The Cretaceous and Associated Rocks of Burma by E. L, G. Clegg. 
(Price Rs. 2-4 or 3a. 9d.) 

Part 2. Report on a Geological Survey in parts of Kareni and the Southern 
Shan States. By G. V. Hobson, 'ftith an introduction by E. L. G. Clegg. 
{In the Press.) 

„ LXXV.—A Catalogue of Meteorites: with special reference to Indian Falls and Finds and 
to specimens in the Indian Museum, Calcutta, as on August Ist, 1939. By 
A. L. Coulson. (Price Rs. 4-8 or 7a.) 

„ LXXVT.—Water-Supply Papers— 

No. 1.—^The Geology and Underground Water-Supply of Calcutta, Bengal, with 
special reference to Tube-wells. By A. L. Coulson. (Price 
Rs. 3-12 or 6a.) 

Xo. 2.—Tube-wells in and around Calcutta. By N. C. Bose. (Price As. 12 ox 
la.) 

Xo. 3.—Water-Supply of Darrang District, Assam. By A. L. Coulson. {In 
the Press.) 

„ LXXVII.—Catalogue of (geological Maps and other publications of the Geolocieal Survey of 
India. By the Director and Officers of the Geological Survey of India. 
{In the Press.) 


PALffiONTOLOGIA INDICA. 


Indica of the Geol(^cal Survey of India : These publications which comprise 
a series of monographs or memoirs, which have appeared since 1861, normally give the results of 
comprehensive palseontological work relating to India and adjoining countries. Recent issues 
are:— 

Volume XXIX. Memoir No. 1.—Jurassic plants from A%han-Turkistan. By R. V. Sitholey. 

(Price Rs. 4-2 or 6s. 6d.) 

Memoir No. 2.-—The Fossil CSiarophyta of the Deccan Inter-trappeans near 
Rajahmundiy (Didia). By K.. Sripada Rao and S. R. Narayana 
Rao. (Price Re. 1-2 or 2s. 6d.) 

,, XXX.—-Memoir No. 1.—Jurassic Brachiopods from Burma, By M. B. Sahni. (Price 

Rs. 2-10 or 4s. $d,) 

Memoir No. 2.—^Some Permian Corals from the Plateau Limestone of the Southern 
Shan States, Burma. By Stanley Smith. (In the Press.) 

„ XXXI.—Memoir No. 1.—Upper Palseozoic Faunas of North Sikkim. By Miss H. M. 

Muirwood and K. P. Oakley. (Price lU. 5 or 8s.) 

„ XXXn.— Memoir No. 1.—The Tetrapod Fauna of the Upper Triassic Maleri Beds. By F. 

Baron Von Euene. (Price Rs. 5 or 8s.) 

These Publications are available for sale from the Manager of Publications, CSvil lines, Delhi, and 
from the Office of the Geological Survey of India, 27, Chowiinghee, Calcutta. 
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